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SUMMARY OF THE PROCEEDINGS OF THE SEVENTH 
ANNUAL MEETING. 


ATLANTIC City, N. J., JUNE 16, 17, 18, 1904. 


THE SEVENTH ANNUAL MEETING OF THE AMERICAN SOCIETY 
FoR TESTING MATERIALS was held at the Hotel Traymore, Atlantic 
City, N. J., on June 16, 17, 18, 1904. The total attendance at the 
meeting, including guests, was about 175. 

The following members were present or represented at the 
meeting: W. A. Aiken; Ajax Metal Company, represented by 
G. H. Clamer; American Bridge Company, represented by C. C. 
Schneider; American Foundrymen’s Association, represented by 
Richard Moldenke; S. W. Baldwin; James Berrall; A. Bonzano; 
W. A. Bostwick; C. W. Boynton; John G. Brown; H. I. Budd; 
F. O. Bunnell; Cambria Steel Company, represented by George 
E. Thackray; H. H. Campbell; William Campbell; Carnegie 
Steel Company, represented by John McLeod; R. A. Carter; 
Central Iron and Steel Company, represented by George R. Bent- 
ley; F. P. Cheesman; James Christie; Charles S. Churchill; 
Charles H. Clifton; J. A. Colby; P. H. Conradson; A. S. Cush- 
man; Nathan H. Davis; Detroit Graphite Manufacturing Com- 
pany, represented by F. W. Davis, Jr.; H. E. Diller; Joseph 
Dixon Crucible Company, represented by Malcolm McNaughton; 
A. W. Dow; W. C. DuComb, Jr.; Charles B. Dudley; W. O. 
Dunbar; W. R. Dunn; Engineering Record, represented by John 
M. Goodell; B. F. Fackenthal, Jr.; A. Falkenau; Henry Fay; 
A. P. Ford; Charles N. Forrest; G. M. Goodspeed; Charles S. 
Gowen; R. S. Greenman; J. E. Greiner; E. M. Hagar;.N. A. 
Hallett; W. H. Harding; George B. Hartley; Henry J. Hartley; 
W. K. Hatt; George P. Hemstreet; Olaf Hoff; George H. Hull; 
A. P. Hume; Richard L. Humphrey; Joseph W. Hunter; Charles 
L. Huston; Illinois Steel Company, represented by P. E. Carhart; 
Iron Age, represented by Fred. W. Schultz; Joel Jenkins; Robert 
Job; A. L. Johnson; A. N. Johnson; W. M. Johnson; William 
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Jordan, Jr.; E. F. Kenney; William Kent; J. A. Kinkead; Paul 
Kreuzpointner; H. A. La Chicotte; G. Lanza; E. S. Larned; 
W. W. Lemen; R. W. Lesley; F. H. Lewis; G. Lindenthal; John 
B. Lober; Henry M. Loomis; Lukens Iron and Steel Company, 
represented by Charles L. Huston; T. D. Lynch; Charles F. 
McKenna; E. McLean; John McLeod; Charles Major; Edgar 
Marburg; Charles A. Matcham; E. R. Maurer; R. K. Meade; 
William Metcalf; R. P. Miller; Charles M. Mills; L. S. Moisseff; 
Richard Moldenke; H. F. Moore; A. W. Munsell; Tinius Olsen; 
L. W. Page; Patterson-Sargent Company, represented by W. A. 
Polk; The Pennsylvania Steel Company, represented by H. H. 
Campbell; W. A. Polk; H. H. Quimby; Railroad Gazette, repre- 
sented by R. C. Davison; J. C. Ramage; C. S. Reeve; Clifford 
Richardson; J. Robinson; C. W. Roepper; Joseph Royal; A. H. 
Sabin; W. M. Saunders; Albert Sauveur; H. J. Seaman; C. W. 
Sherman; The Sherwin-Williams Company, represented by E. C. 
Holton; Jesse J. Shuman; C. E. Skinner; H. E. Smith; Henry 
S. Spackman Engineering Company, represented by E. W. Lazell; 
Standard Steel Works, represented by A. A. Stevenson; A. A. 
Stevenson; C. R. Stewart; P.M. Stewart; Emil Swensson; H. 
Taggart; A. N. Talbot; W. P. Taylor; G. W. Thompson; San- 
ford E. Thompson; F. E. Turneaure; Hermann Von Schrenk; 
S. S. Voorhees; Samuel T. Wagner; J. F. Walker; George C. 
Warner; George S. Webster; William R. Webster; Thomas D. 
West; M. H. Wickhorst; H. V. Wille; R. D. Wood and Company, 
represented by Walter Wood; Walter Wood; Ira H. Woolson; 
J. R. Worcester. Total number, 146 (including representations) ; 
total number in personal attendance, 139. : 


First SEssion.—THuRSDAY, JUNE 16, 3 P.M. 
Business Meeting. 
President Charles B. Dudley in the chair. 


The minutes of the Sixth Annual Meeting were approved as 
printed. 


oe 
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The annual report of the Executive Committee and the report 
of the Auditing Committee were read and adopted. 

The following amendment of the By-Laws, proposed by the 
Executive Committee, was passed to letter-ballot by unanimous 
vote: 

That the first sentence of Section 2, Article IV, viz: “The 
annual dues of each member shall be $3.00” be amended by striking 
out $3.00 and substituting $5.00. 

The Chair appointed Mr. Wm. Jordan, Mr. W. C. DuComb, 
Jr., and Mr. W. P. Taylor as tellers to canvass the ballot for officers. 

The report of Committee E, on Preservative Coatings for Iron 
and Steel, was presented with introductory remarks by the Chair- 
man, Mr.-S. S. Voorhees. 

Mr. Robert Job read a paper on “Results of an Investigation 
Concerning Causes of Durability of Paints for Structural Work.” 

A paper on “The Protection of Structural Steel,”” by Mr. C. 
L. Norton, and a paper on “ Preservative Coatings for Iron and 
Steel,” by Mr. Cyril De Wyrall, were, in the absence of the authors, 
read by title. 

The report of Committee E and Mr. Job’s paper were dis- 
cussed jointly. 

The tellers reported that 105 legal ballots for officers had been 
cast, and in accordance with their report the Chair declared the 
election of the following officers: Charles B. Dudley, President; 
R. W. Lesley, Vice-President; Edgar Marburg, Secretary-Treas- 
urer, and James Christie, member of the Executive Committee. 

The meeting then adjourned till 8 p.m. 


SECOND SESSION.—THURSDAY, JUNE 16, 8 P.M. 


President Charles B. Dudley in the chair. 

The Chairman invited the Vice-President, Mr. R. W. Lesley, 
to the chair and read the Annual Address by the President on “The 
Influence of Specifications on Commercial Products.” 

Vice-President Lesley then yielded the chair to President 
Dudley, and Mr. William Metcalf read a paper on “Alloy Steels,” 
which elicited considerable discussion. 
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This was followed by an illustrated address by Mr. R. W. 
Lesley on “Some Statistics of the Cement Industry in America.” 
The meeting then adjourned till the following morning. 


THIRD SESSION.—FRIDAY, JUNE 17, IO A.M. 


Section on Cast Iron. 


President Charles B. Dudley in the chair. 

The report of Committee B on Standard Specifications for 
Cast Iron and Finished Castings was submitted in printed form 
by Mr. Walter Wood, Chairman. 

This report embodied the proposed Standard Specifications 
for: 

(a) Foundry Pig Iron. 

(b) Pipe and Special Castings. 
(c) Locomotive Cylinders. 
(d) Car Wheels. 

(e) Malleable Castings. 

({) Gray-Iron Castings. 

Mr. Richard Moldenke gave a summary of the discussion of 
the above specifications at a meeting of the American Institute of 
Mining Engineers in March, 1904. 

The specifications were then taken up and discussed sepa- 
rately with the following results: 

Specifications for Foundry Pig Iron.—Referred back to com- 
mittee with instructions to weigh the objections advanced, and to 
report to the Executive Committee; the Executive Committee to 
be authorized to submit the specifications to letter-ballot. 

Specifications for Pipe and Special Castings.—These specifi- 
cations were approved and referred to letter-ballot. 

Specifications for Locomotive Cylinders——The same action 
was taken on these specifications as on the Specifications for Foun- 
dry Pig Iron. 

Specifications for Car Wheels.—These specifications were 
referred back to the committee for further study and instructions 
to report their conclusions at the next Annual Meeting. 
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Specifications for Malleable Castings.—It was.the expressed 
sense of the meeting that the tensile strength limit should be 
changed from 42,000 to 40,000 Ibs. per square inch. Otherwise, 
the same action was taken on these specifications as on the specifi- 
cations for Foundry Pig Iron. 

Specifications for Gray-Iron Castings.—Referred back to he 
‘committee for further study, with instructions to report their con- 
clusions at the next Annual Meeting. 

A paper on “Cast Iron: Strength, Composition, Specifica- 
tions,” by Mr. Wm. J. Keep, was read by title. 

The meeting then adjourned till 3 p.m. 


Section on Cement. 


Vice-President R. W. Lesley in the chair. 

The report of Committee C on proposed Standard Specifica- 
‘tions for Cement was submitted in printed form. 

Mr. R. L. Humphrey moved that the specifications be referred 
to letter-ballot of the Society. 

Mr. Chas. F. McKenna proposed that the motion be amended 
by first referring the report back to the committee for further con- 
sideration and amendment. 

After considerable discussion the amendment was lost and the 
original motion prevailed. 

Then followed the reading and discussion of the following 
papers: 

“Practical Cement Control.” Charles F. McKenna. 

“Some possible By-Products in the Portland Cement Indus- 
try.” Clifford Richardson. 

“The Boiling Test for Portland Cement.” Frederick H. 
Lewis. 

“Some Attempts to Limit the Personal Equation in Cement 
Testing.” W.A. Aiken. 

“Tests of Reinforced Concrete Beams.” A. N. Talbot, F. E. 
Turneaure and Edgar Marburg. 

“The Mechanical Defects of Sieves used in Determining the 
Fineness of Cement.” E. W. Lazell. 

The meeting then adjourned till 3 p.m. 
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FoURTH SESSION.—FRIDAY, JUNE 17, 3 P.M. 
On Specifications. 


President Charles B. Dudley in the chair. 

The report of Committee A on Standard Specifications for 
Tron and Steel was read by the Secretary. 

After some discussion this was followed by the reading of the 
“Report on the Specifications for Iron and Steel Structures, Ameri- 
can Railway Engineering and Maintenance of Way Association, 
as Amended and Adopted in March, 1904,”’ by Mr. J. P. Snow, 
Chairman. 

In the absence of the author, Mr. H. V. Wille, the following 
paper was read by the Secretary: “Comparison of the Specifica- 
tions for Axles and Forgings, Proposed by Committees of the Ameri- 
can Railway Master Mechanics’ Association and the American 
Society of Mechanical Engineers, with the Standard Specifications. 
Adopted by the American Society for Testing Materials.” 

Then followed the reading of a “Report on the Specifications 
for Steel Rails, American Railway Engineering and Maintenance 
of Way Association, as Amended and Adopted in March, 1904,” 
by Mr. Wm. R. Webster, Chairman. 

After a general discussion on the desirability of considering 
amendments to the Standard Specifications for Iron and Steel, a 
motion by Mr. H. H. Campbell, that no change be made in the 
existing specifications and that they be printed in their present 
form, was withdrawn by the mover and the following motion 
substituted: 

“That Committee A be instructed to consider the revision of 
the Standard Specifications for Iron and Steel with a view of bring- 
ing them into harmony, if possible, with those proposed or adopted 
by other committees and societies; that the report of Committee A 
on this subject, embodying its reasons for such recommendations. 
as it may offer, shall be printed a sufficient length of time in advance: 
of the next annual meeting to give ample opportunity for written 
discussion.”’ 

This motion was carried without a dissenting vote. 

Mr. Max H. Wickhorst read a paper on ‘‘Specifications for 
Air-Brake Hose,’’ which was followed by a discussion. 

The meeting then adjourned till 8 p.m. 
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FIrtH SESSION.—FRiIDAY, JUNE 17, 8 P.M. 


President Charles B. Dudley in the chair. 

The session was opened with an address by Mr. Gaetano 
Lanza, giving “A Brief Review of the Status of Testing in the 
United States.” 

The following papers were then read and discussed: 

“Structure of Alloys.” William Campbell. 

“The Effects of Preservative Treatment on the Strength of 
Timber.” F. A. Kummer. 

Mr. Herman Von Schrenk made some informal remarks 
descriptive of the projected government tests on the preservative 
treatment of timber. 

Mr. Gaetano Lanza offered the following resolutions, which 
were adopted: 

Resolutions relating to the Investigation of Timber now under 
Operation in the Bureau of Forestry. 

WaeEreEAS, The American Society for Testing Materials recog- 
nizes the need of tests to determine the structural value of the 
various species of commercial timbers of the United States, par- 
ticularly those species suitable for second-growth supplies, and the 
Pacific coast timber; and the need of investigations of the methods 
of seasoning and preserving timbers; and 

WHEREAS, It further recognizes the application of the results 
of this work in the design of safe and economical structures; in the 
best utilization of existing supplies of timber; and in making pos- 
sible the conservative administration of forest tracts in the general 
interests of forestry; 

Be it resolved, That this Society hereby records its appreciation 
of the timber tests now under operation in the Bureau of Forestry, 
United States Department of Agriculture, and urges the Honorable 
Secretary of Agriculture to request Congress to make such appro- 
priations as may be necessary to carry on the investigations in the 
most effective and satisfactory manner. 

The Secretary of the Society is hereby directed to send copies 
of these resolutions to the Honorable Secretary of Agriculture and 
to the Forester, Bureau of Forestry, United States Department of 
Agriculture. 


I4 SUMMARY OF PROCEEDINGS. 


Mr. Samuel Tobias Wagner read a paper on “The Early 
History of 60,000-pound Structural Steel.” 

This was followed by a paper by Mr. George H. Hull on “Pig 
Iron Feasts and Famines: Their Causes and How to Regulate 
Them.” 

On motion of Mr. Charles F. McKenna, it was resolved that 
the Executive Committee be instructed to consider the appoint- 
ment of a committee on Standard Specifications and Standard 
Tests for Sewer Pipe. 

The meeting then adjourned till the following morning. 


SIXTH SESSION.—SATURDAY, JUNE 18, Io A.M. 


President Charles B. Dudley in the chair. 

The report of Committee G on the Magnetic Testing of Iron 
and Steel was, in the absence of the Chairman, Mr. J. Walter Ester- 
line, read by title. 

The following papers were then read and discussed: 

“The Commercial Testing of Sheet Steel for Electrical Pur- 
poses.” C. E. Skinner. 

“Permeability of Cast Steel.” H. E. Diller. 

“Proposed Tests for Controlling the Heat Treatment of 
Structural Steel.” J. P. Snow. 

“Tests for Detecting Brittle Steel.” William R. Webster. 

The meeting then adjourned till 3 p.m. 


SEVENTH SESSION.—SATURDAY, JUNE 18, 3 P.M. 


President Charles B. Dudley in the chair. 

The report of Committee H on Standard Tests for Road 
Materials was presented by Mr. Logan Waller Page, Chairman. 

The following papers were then read and discussed: 

“Tensile Impact Tests of Steel.” W. K. Hatt. 

“The Desirability of a Uniform Commercial Speed for Test- 
ing.” Paul Kreuzpointner. 

At the suggestion of Mr. Paul Kreuzpointner, it was moved 
and carried that the Executive Committee be requested to consider 
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the desirability of appointing a committee to study and report on. 
the question of a Uniform Speed for Commercial Testing. 

The following papers were then read and discussed: 

“Nomenclature of Iron and Steel.” Albert Sauveur. 

“Staybolt Iron and Machine for Making Vibratory Tests.’” 
H. V. Wille. 

“A New Chuck for Holding Short Test-Pieces.” T. D. 
Lynch. 

A paper by Mr. P. H. Dudley on “‘ Bending Moments in Rails” 
was read by title.. 

On motion of Mr. H. V. Wille, the Executive Committee was. 
requested to consider the question of appointing a committee on 
Standard Specifications for Staybolts. 

In pursuance of a motion on the part of Mr. W. K. Hatt the 
appointment of a committee on Specifications for the Grading of 
Structural Timber was referred to the Executive Committee. 

Like action was taken on a motion of Mr. S. S. Vorhees for 
the appointment of a committee on Fire-Proofing Materials. 

On motion of the Secretary, the meeting passed a unanimous- 
vote of thanks to the Management of the Steel Pier for its courtesy 
in placing the pier at the disposal of the Society during the meeting. 

The President thereupon declared the meeting adjourned sine 
die. 
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In the Annual Address, a year ago, an attempt was made to 
describe somewhat in detail how a specification: for a commerialc 
product should be made. In view of the importance which speci- 
fications have thus far assumed in the work of our Society, it has 
occurred to us that we might perhaps not unwisely spend a few 
minutes together over another phase of specifications, namely, the 
influence which a carefully worked out and rigidly enforced speci- 
fication has on the successful manufacture of commercial products. 

It may perhaps be remembered that in our résumé last year 
of the parties involved in a specification, two were regarded as of 
prime importance, namely, the producer and the consumer; that 
both were recognized as having the right to a voice in the formation 
of the specification, and that in reality a properly drawn, carefully 

/ balanced specification covering any commercial product was a 
protection and an advantage to both the producer and the con- 
sumer. In the present paper we shall perhaps not go amiss if 
we consider a little more closely the side of the consumer, indeed 
we might perhaps have wisely chosen for our theme, “‘ The Influ- 
ence of the Consumer as expressed in Specifications on Commercial 
Products.” : 

We are frank to say that it is our firm belief that the influence 
of the consumer on commercial products is far greater than is 
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commonly supposed. We are so accustomed to regard the great 
mass of commercial products as so completely in the hands of the 
producer, as something that the consumer is quite at liberty to 
take up or let alone as suits him, and as something in whose prepa- 
ration he, the consumer, has had no voice, that the idea that the 
consumer does actually have an influence on, or exert some force 
in giving shape and form, or in deciding on the qualities which 
the article shall possess, does not seem evident at first sight. And 
yet we do not hesitate to reaffirm that the influence of the con- 
sumer appears in every successful commercial product, however 
great or however small, and that the consumer’s power over the 
product, although perchance not appearing in formal and carefully 
prepared specifications, is nevertheless many times fully as great, 
or even greater, than that of the producer. 

Let us see if this can be made evident by an illustration. The 
commercial product in question is so simple an article as a pair of 
shoes. The producer or manufacturer has decided seemingly 
almost everything about them. He has determined the style, the 
shape and the size, the materials in the uppers, the vamps and the 
soles, whether it should be button or lace, patent leather, French 
calf or cowhide, pegged or sewed, black or tan, and so on in infinite 
detail. And in each of these items he has not consulted the con- 
sumer, has had no specifications to work to, and apparently the 
consumer’s voice in the matter has been nil. He can purchase 
the shoes or leave them, as suits him best. The manufacturer has 
gone ahead and filled his warehouses, and perchance in his mind 
has figured up the profits on his year’s work. But in all this, has, 
as a matter of fact, the consumer no voice? I trow yes, as many 
a manufacturer has found to his sorrow and loss, who has too 
greatly ignored the power of the consumer in matters of this kind. 
If the shoemaker has used cowhide when the consumer wants 
French calf, his shoes are unsalable. If he has made a No. 6 size 
when the consumer’s foot happens to be No. 9, there is a misfit and 
no business doing. If he has his whole product broad toes when 
pointed toes are the style and hence demanded by the consumer, 
his commercial product can hardly be said to be a successful one 
and he will undoubtedly have to dispose of it as best he can, oft- 
times at a loss. 

But it may be urged, it is true, in staple articles of almost 
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universal use, the silent influence of the consumer on the product 
is granted. He would be a shortsighted producer who would 
attempt to ignore the demands expressed or understood, nay, even 
the foibles of the consumer, or, what amounts to the same thing 
would not study his market. But there are cases, such as the 
making of a new product for which a demand has yet to be created, 
where the influence of the producer on the product covers the 
whole field. The consumer does not yet understand the new 
product, does not yet know what kind of a material it should be, 
and hence can have no voice in its production. Take for an 
illustration the new high-speed tool steel. The manufacturer 
seemingly decides everything in regard to this new product, inde- 
pendent of the consumer. He first learns how to make the steel, 
decides what its composition should be, learns how to treat it, 
practically changes all our ideas as to what heat will do to a piece 
of steel, and develops a new art of hardening and tempering, and 
after his studies are finished, comes forth with his creation and 
teaches the consumer how to use it. Surely it may be urged, in 
such a case as this, the influence of the consumer on the product 
is not apparent. But those who so argue, we fear, can have had 
very little experience at the birth and death of new things, many 
of them good new things, which might have had perchance a long 
life of usefulness if their sponsors had not attempted to ignore the 
legitimate influence which the consumer has on even new com- 
mercial products, the fruit apparently of the brain energy of the 
producer alone. 

The influence of the consumer on new commercial products 
is usually made manifest in the price he is willing to pay for it. 
If the new product is higher in price in proportion to results 
obtained than that which he is at present using, or if, even though 
economies are shown, he conceives the price is unreasonable, he 
will usually go on as he has been doing in the past, with the result 
that the new product fails to be successful. Makers of new things 
far too often make one or both of two serious mistakes. They 
either fail to sufficiently study the present condition of the field 
which their new product proposes to occupy, and as a consequence 
make the product cost so much to manufacture that it cannot 
successfully compete with what is already in the field, or, having 
studied the field carefully and thoroughly and having developed 
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a new product which is a decided step forward over present prac- 
tice and which produces notable economies, they place a price on 
their product, such that the ultimate economy to the consumer is 
so small that there is no real reason why he should change. Not 
once, but scores of times, have we seen new commercial products 
fail from one of these two causes. The man who fails to study 
his field and makes his product cost too much should have our 
pity for his shortsightedness. The man who, having devised and 
worked out something new, which may be actually useful and 
valuable, and who claims for himself all the financial advantage 
of the step forward, will find, if our observation and experience are 
worth anything, that he is killing the goose that may lay golden. 
eggs for him, and that the disappointment which will inevitably 
follow his action is no more than a just punishment for his attempt 
to ignore the right of the consumer to a share in the advantage 
which comes from the progress of knowledge. This is hardly the 
time or the place to discuss this point to a conclusion, but we cannot 
help feeling that the legitimate sphere of the consumer is far too 
often almost completely ignored by those who are developing and 
exploiting new products. The point which we are trying to make 
is that always and everywhere, in every successful commercial 
product, the producer and the consumer each has a legitimate 
sphere, and that any attempt on the part of either to ignore 
the other will result in disappointment and failure. As we have 
tried to urge on other occasions, it is only by working together, 
by each respecting and honoring the rights and privileges of the 
other, that successful results can be obtained. 

There is another view of this case, which will perhaps bear a 
few moments’ consideration. A sound commercial transaction 
is one from which both sides secure advantage. A producer has 
something to sell, from which he hopes to reap the reward of the 
successful business man. How shall he best accomplish this? 
Surely not, as is too often the case, by trying to give the buyer or 
consumer that which he may happen to have in stock, whether it 
is fit or not, and trying to persuade him that it will be found all 
right; but, on the other hand, by trying to understand what the con- 
sumer really needs, and devoting his energies to furnishing that 
thing and nothing else. Or again, a consumer has a want and 
goes to a producer for something to meet that want. Shall the 
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producer, for the sake of the immediate transaction, supply that 
which he knows will not give ultimate satisfaction? The tempta- 
tion is certainly great, and the loop-holes and possible explanations 
of failure are so many that it is to be feared in too many cases the 
transaction is accomplished without due regard to its effect on 
subsequent business. But I stoutly maintain that such procedure 
is shortsighted business policy, and that far too soon those who 
habitually do not give satisfaction will find their customers 
slipping away from them. In business parlance, “they cannot 
hold their trade.” 

These business truisms would have no place in the theme 
which we are trying to discuss, except as they illustrate again the 
intimate relation between the interests of the producer and the 
consumer, and especially the influence which the consumer has 
on the successful commercial product. 

Thus far we have considered the influence of the consumer, 
which is, so to speak, not expressed. It is a silent influence, an 
unwritten specification, one real and tangible in its effects, but 
which has never attained to the dignity of being expressed in words 
or print. But our real theme is the influence of carefully worked 
out, written or printed specifications, which are rigidly enforced, 
on commercial products. Perhaps we shall best bring out what 
we have in mind on this theme, by dipping into the history of some 
of the forty or more specifications which have been prepared at 
Altoona during the past twenty-five years. 

The history of the Lard Oil Specifications is an instructive 
one. When they were first prepared, now over twenty years ago, 
two grades of lard oil were in common use by railroads, known as 
“Prime” or “Extra,” and ‘No. 1 Lard Oil.” The former, which 
was the best oil that could be made from the materials, was largely 
used as the principal constituent of what is commonly known as 
“Signal Oil,” the oil which the conductors burn in their lanterns, 
and which at that time was used also in almost all signal lanterns 
everywhere. The function which this oil must perform is a very 
important one, since the safety of trains depends on the reliability 
of signals. The other grade, or ‘No. 1 Lard Oil,” was and is 
principally used for lubrication. Both these oils, when pure and 
of good quality, gave excellent results in the places where they 
were used. The prices of both were high, the better grade often 
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reaching a dollar a gallon, and the inferior grade from 7o to 89 
cents per gallon. The better oil is light amber in color, while the 
poorer is inclined to red, and, as the quality diminishes, becomes 
more of a brown. The better oil is made from lard that is taken 
from freshly killed hogs, and is sweet and good enough to be 
used in cooking. The poorer oil is made from second or third 
grade lard, known in market as ‘“‘ No. 1 Grease” or “ No. 2 Grease,” 
and usually comes from hogs that have died in transit. All the 
animal fats, as is well known, are glycerides; that is, when they are 
in the animal, at least in good health, they are some characteristic 
fat acid, chemically combined with glycerine. But as soon as the 
animal dies from any cause, decomposition apparently sets in, one 
of the results of which is the separation of the fat acid from the 
glycerine. This separation is apparently also facilitated by the 
- operation of rendering. Whatever the cause, the better grade of 
lard oil usually contains from one to four or five per cent of free 
fat acid, and the poorer grade may contain from ten to twenty-five 
per cent of the same. The influence of this free fat acid on the 
service of these two oils is deleterious. Careful experiments, many 
times repeated, show conclusively that a signal oil made from a 
prime lard oil containing the higher percentages of free fat acid 
given above will go out from crusting the wick much sooner, 
requires more frequent renewal of the wick and greater care, and 
is in every sense a less reliable signal oil than one made from a 
lard oil containing less free fat acid; while in the case of the 
poorer grade of lard oil, it is found that the more free acid it con- 
tains, the poorer it is as a lubricant, and the more rapidly the 
journals and bearings disappear by wear. All this detail is 
necessary in order that what follows may be understood. 

About a year or perhaps two or three years before the Lard 
Oil Specification was made, a new product came forward, which 
has continued to the present day, which had added greatly to the 
wealth of the South, and which appears in more places in our 
modern civilization than many of us are aware of. The oil 
referred to is made trom the seeds of the cotton plant, and is com- 
monly known as Cottonseed Oil. This oil is a beautiful bright, 
clean, almost odorless material, containing very small amounts 
of free fat acid, but in its properties is unfortunately on the border 
ground between the drying and the non-drying oils, having some 
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of the characteristics of both. It is not enough of a drying oil to 
be used successfully in paints, and on the other hand is too much 
of a drying oil to be used successfully either for burning or lubrica- 
tion, It crusts the wicks, and the light goes out in four or five 
hours; and it gums so badly as to be almost useless for lubrication. 
The price at the time of which we are writing was fifty cents a 
gallon. What now could be more natural than that this oil in 
some way should find its way into the lard oils which have been 
described above? It diminished the free fat acid of both grades, 
and especially improved the appearance and apparent salability 
of the poorer grade, to say nothing of the delicious rake-off of 
from twenty to fifty cents for every gallon of it used in the mixture. 
That it was being so used was suspected by consumers for some 
little time before the Lard Oil Specification was prepared, but it 
was only a suspicion; the chemistry of oils was at that time so 
poorly understood that no one could prove it. The use of the oils 
in service indicated it, but that was all. A couple of weeks’ rather 
hard study in our laboratory developed a test which about a year 
later was independently developed by another observer and pub- 
lished, which made it possible to say with rather remarkable cer- 
tainty whether a sample of lard oil was pure or not. It was not 
always possible to say what the admixture, if any, was; but if cotton- 
seed oil was present, the amount could be told to within one per 
cent. Also a method of determining free fat acid in oils was 
developed. Armed with these two tests, the oils of the market 
were questioned. At first, small samples were obtained and 
examined before orders were placed, it being required simply that 
shipments should be like sample. The first month’s samples 
numbered thirteen, and only three were found to be pure and of 
the proper quality. The next month’s samples were seventeen, 
of which seven were satisfactory. In the course of a few months, 
or as soon as the trade became conyinced that only those who fur- 
nished samples which were free from admixture of other oils, and 
were satisfactory in other respects, would get orders, all the 
monthly samples would pass the necessary tests, except that occa- 
sionally a new party would be asked for samples, in which case it 
usually took two or three months to convince him that nothing but 
straight goods would pass muster. But now a new difficulty arose. 
The samples would be all right, but the shipments or deliveries 
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would be all wrong. Not a few contests were characteristic of 
those days, which contests were marked on the part of the pro- 
ducer by wordy assertions, by appeals to business reputation and 
standing, and by threats of litigation, and, on the part of those in 
charge of the purchase and use of the goods, by a quiet determina- 
tion to defend to the death the interests committed to their care. 
Not yet in this particular industry had the producer learned that 
there were limits to his power over his own product, and that the 
consumer had rights which even he, the maker and owner, must 
not ignore. Fortunately, notwithstanding the bluster, the strife 
was confined largely to words; and after the affray, which lasted 
a year or more, was over, it was found that the conflict had resulted, 
so far as the producer was concerned, in some loss of business, in 
some financial loss due to paying return freight charges on 
rejected shipments and in traveling expenses to Altoona for the 
word combats above referred to, and also in a serious loss of busi- 
ness reputation. It is perhaps not too much to say that, as a 
matter of fact, within a year or a year and a half after this contest 
began, not a few of those who for years had furnished lard oil were 
stricken off the Purchasing Agents’ lists, and to this day have not 
succeeded in reinstating themselves. On the part of the con- 
sumer, the results of the contest were gratifying. Improvement 
in the service immediately followed, and bills were paid with the 
knowledge that a full honest equivalent was furnished for the money 
spent. The information accumulated during these few months 
of contest was ultimately embodied in specifications, and for many 
years now, although safely hundreds, perhaps thousands of ship- 
ments have been tested, there has been scarcely a rejection for 
failure to meet requirements. Perhaps more important than all, a’ 
beginning had been made toward the ¢stablishment of a principle, 
viz.: the influence and rights of the consumer in any commercial 
product, if it hopes to be successful, can never be ignored or lightly 
set aside. The special teaching which we would draw from this epi- 
sode, as applicable to our theme, ‘The Influence of Specifications 
on Commercial Products,” would be that enforced specifications 
protect the honest dealer from unfair competition. The concomitant 
protection against purchasing an inferior product at the price of a 
better one, and against using inferior materials in most important 
service which they give the consumer, will not escape notice. 
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Perhaps some additional side light on our theme may be 
thrown by the history of another Altoona specification. It is now 
perhaps twenty-five years ago that a certain special car happened 
to fall under the eye of one of the officers responsible for the main- 
tenance of equipment, who observed that the varnish on the outside 
seemed to have perished almost completely, and that the integrity 
of the painting underneath was in consequence seriously threat- 
ened. The car was sent to the paint shop for special examination. 
The shop reported that the car had been varnished at so recent a 
date that ordinary wear would not warrant its present condition, 
and that the loss of varnish was probably due to excess of zeal on 
the part of the car cleaners. ‘The matter was referred to the fore- 
man of the car cleaners, who reported that they had given the car 
a pretty good treatment, but that really they could not be held 
responsible for any better results with the soap that was furnished 
tothem. In order not to be set aside and diverted from his efforts 
to secure efficiency by the customary attempt on the part of subor- 
dinates who are called to account, to transfer the blame to some 
one else, the officer above referred to asked for a sample of the 
very soap used, and a partly used cake was furnished and sent to 
the laboratory. Now ordinary cleaning soap, as is well known, 
is a chemical compound of the various acids characteristic of 
vegetable or animal fats, with either soda or potash or both. The 
combination is brought about by the aid of heat, the fats being 
mixed with the soda or potash in water solution, and the resulting 
product always containing more or less water as a necessary con- 
comitant of the manufacture. Potash, being more expensive than 
soda, is less often used, also potash soaps are softer than soda 
soaps. But, as is well known, the physical condition of a soap as to 
hardness is an important element in its successful use. Moreover, 
the nature of the fats used has a most important influence on the 
hardness of the soap. The soft animal fats whose characteristic 
fat acid is undoubtedly largely oleic, when saponified gives a more 
or less soft mushy soap which is uneconomical to use, is less easy 
to handle both in manufacture and transportation, and is often 
unsalable in appearance. ‘These objectionable characteristics are 
largely increased by the practice so common among soapmakers, 
of adding a percentage of rosin to the fat. Tallow which contains 
a considerable percentage of stearic acid, makes a much better 
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soap. But tallow is more expensive than the soft fats and rosin. 
Accordingly soapmakers have sought for devices that would harden 
soaps made from the soft fats and rosin, and it has been found that 
an excess of alkali, and especially a percentage of carbonate of 
soda added toward the last, and thoroughly mixed with the soap 
before it cools and hardens, produces the result desired. 
Returning now to the partially used cake of soap. <A careful 
analysis of this sample showed that it contained, in addition to the 
alkali necessary to combine with the fat, about three and a half 
per cent of free caustic soda, and over seven per cent of carbonate 
of soda. It will thus be seen that the water solution of this soap 
which the men were using to clean the cars with, was in reality a 
weak lye, containing quite an amount of sodium carbonate. But 
both lye and carbonate of soda in solution readily dissolve varnish, 
nay, even the combined alkali of a normal soap dissolves varnish 
toa certain extent, but very much more slowly than free caustic 
or carbonated alkali, even though the latter may be in very dilute 
solution. It is evident that the contention of the men in this case 
had a foundation of fact, and while it is recognized that the manipu- 
lation, that is, the method of using the soap solution, is a most 
important element in the problem, it is unquestioned that in the 
hands of the ordinary car cleaner, such a soap as has_ been described 
will result in a much more rapid destruction of the varnish than if 
a normal soap were used. This incident led to the formation of 
specifications for soap in which the amounts of free caustic and 
| carbonated alkali were limited, and no similar case of very rapid 
. varnish deterioration has since been noticed. 
! Now this case has not been cited to show that the producer 
a had any desire to ignore or set aside any of the rights or even 
desires of the consumer, or to obtain for himself any undue 
| ulterior advantage at the expense of the consumer. In reality 
the producer was furnishing more detergent power per pound of 
soap than is characteristic of the normal article, since both free 
b. caustic and carbonated alkali are much stronger in detergent 
- power per pound than the combined alkali of soaps. There is 
apparently no reasonable ground for an attempt to hold the soap- 
maker responsible for the injury to the varnish, and we cannot 
help regarding this episode as illustrating ‘The Influence of Speci- 
fications on Commercial Products,” in this, that they tell the pro- 
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ducer what the consumer wants. It is not to be supposed that the 
producer will know all the uses to which the consumer will apply 
his product, and without co-operation on the part of the latter, or 
as we have so many times urged, without the two working together, 
the producer may with perfect honesty make and furnish the wrong 
product. 

Perhaps you will bear with me a few minutes longer. Our 
theme is so prolific that I fear I shall strain your patience. But I 
cannot deny myself one more illustration of “The Influence of 
Specifications on Commercial Products,” this time from the field 
of steel metallurgy. No individual specification, but rather a group 
of specifications will be considered. For our purpose it will be 
sufficient to choose out from the innumerable uses of steel, three 
grades, soft, medium and hard. Let the boiler and fire-box steel 
specifications represent the first, the axle and crank-pin specifica- 
tions represent the second, and spring steel specifications the third, 
Now it is well known that the grades of steel defined by these 
specifications differ from each other principally ‘n the amount of 
carbon which they contain. The limiting amounts of the other 
constituents are of course not all alike, but the principal difference 
making the various steels applicable to their designed use is in the 
carbon, approximately 0.18 of a per cent for boiler and fire-box 
steel, 0.45 of a per cent for axles and crank pins, and 1 per cent for 
spring steel. When these specifications were first drawn, some of 
them provided only for physical tests, some for chemical tests only, 
and some for both. Whatever the method of testing the ship- 
ments, however, when the specifications were first made, they 
provided only lower limits; that is to say, in fire-box steel,.a mini- 
mum tensile strength and a minimum elongation were specified. 
The manufacturer might furnish a product as much above these 
minimum limits as he chose. Exactly the same restrictions applied 
to the axle and crank-pin steel. In spring steel a minimum con- 
tent of carbon was given with no upper limit. Two or three 
reasons led to this procedure. First, there was the desire to leave 
the maker the widest possible freedom in the manufacture of the 
material; second, there was at that time no known reason why 
there should be any upper limit; and third, it was actually thought 
that a minimum limit in strength and elongation being secured, or 
a minimum amount of carbon, the product would really be better 
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the more these minimum limits were exceeded. But as time pro- 
gressed, and especially as the study of parts that had actually 
failed in service—that never-ending source of valuable informa- 
tion—became wider and wider, it began to appear that an upper 
limit likewise was a desideratum in specifications. The boiler 
plate sent when there was no upper limit occasionally gave diffi- 
culty in the shops in flanging, cracking at the bends, and an analy- 
sis and physical test of such plates demonstrated beyond question 
that the carbon and the tensile strength were too high for successful 
hand flanging at such temperatures as are usually employed in this 
operation. Axles and crank pins which under the slow-moving 
strain of a tensile test, or under the drop test as then carried out, 
would quite fill the requirements, would not infrequently fail in 
service, either by breaking in detail, or as the analysis would fre- 
quently show, due to an improper proportioning of the chemical 
constituents. Spring steel with a lower limit of carbon only would 
occasionally fail in service, owing apparently to over-hardening 
with the very high carbons, or would give difficulty in the shops 
when working it, owing to the wide range of carbon in a shipment. 
Moreover, as the knowledge of the influence of carbon, and 
especially of manganese, and silicon, on the physical properties of 
steel increased, and especially once again as the analysis of parts 
that had either broken or failed in some other way in service, or 
had given difficulty in the shops, began to increase and become an 
element in the making of specifications, it became evident that the 
chemistry of steel was destined to play a continually more and more 
important part in obtaining a metal that would give best results. 
Accordingly it was decided to revise existing specifications and 
introduce both an upper limit in tensile strength, and also as much 
chemistry, with both lower and upper limits, especially in the 
carbon, as the information at hand seemed to indicate was neces- 
sary to secure the proper material. But upper and lower limits 
of carbon involve the idea of a range. How much shall the upper 
limit be above the lower limit? Obviously, if the range was too 
narrow, the steelmaker would find it difficult, if not impossible, to 
make the metal. On the other hand, if the range was too wide, it 
would go far toward defeating the end to be accomplished by the 
introduction of upper and lower limits. In view of this dilemma 
it was with some misgivings that specifications embodying these 
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features were prepared and issued. The limits finally decided on 
were from 0.15 to 0.25 per cent of carbon, or a range of ten points 
for soft steels such as fire-box, from 0.35 per cent to 0.50 per cent 
or a range of fifteen points for medium steels, such as are used in 
axles and crank pins, and from 0.90 per cent to 1.10 per cent or a 
range of twenty points for hard steels such as are employed in 
making springs. It is gratifying to be able to state that the limits 
have not proved too narrow. With very few exceptions the steel- 
makers have cheerfully and successfully worked within these 
limits. Is it too much to say that twenty years ago this would 
have been thought impossible? How many steelmakers twenty 
or twenty-five years ago felt sure enough of their furnaces and their 
methods so that they would be willing to take orders and guarantee 
successful outputs on such limits as these? It of course is not 
claimed or even thought that this decided step forward in steel 
metallurgy is wholly due to specification, but is it too much to 
claim that the results now possible are in part at least due to the 
stimulus put upon the producer by the demands or desires of the 
consumer as embodied in specifications ? 

There is another phase of this stimulating influence of speci- 
fications on commercial products that will perhaps bear a word. 
In our experience, the first draft of a specification for any commer- 
cial product not heretofore bought on specifications is apt to con- 
tain not a few uncertainties. ‘The consumer has been taking what 
the manufacturer gave him, without special study of its behavior 
in service, and the producer has been sending what the consumer 
would take, contenting himself in his study of his product usually 
to such problems as affected his successful output. Neither the 
producer nor the consumer rightly understand the material, the 
consumer because he has not yet carefully questioned the service 
_ as to what are its demands in the matter, and the producer because 
he knows his product principally at least only from the standpoint 
of a maker, and the consumer has not yet told him his side of the 
story. Accordingly a first draft specification, as already stated, is 
usually founded on more or less incomplete knowledge, and will be 
fortunate if it runs eight months or a year without revision. But 
when a material arrives at the dignity of being bought on specifi- 
cations, and every shipment is examined, much more attention is 
paid to its behavior in the service, and indeed every characteristic 


30 ANNUAL ADDRESS BY THE PRESIDENT. 


of it is studied. This study not infrequently leads to the idea that 
modifications in the product are not only desirable, but ofttimes. 
essential if the usefulness and adaptability of the material in the 
place where it is being used are to be maintained. Moreover, the 
growth in size of almost everything connected with railroads is not 
only demanding continually new designs to meet the increased. 
strains, but also, in view of the limitations of space, constant 
changes in the nature of the materials employed in construction 
are likewise essential, if unwieldy not to say impossible designs are 
to be avoided. A few illustrations will perhaps make these points. 
clear. 

The mass of the first steel used in fire-boxes contained from. 
0.10 per cent to 0.13 per cent of carbon. Buta few years of service 
developed the fact that such soft lead-like steel was badly abraded 
by the coal, and failed to satisfactorily hold the thread on the stay 
bolts. Hence, in the specification at present in force, a harder 
metal, whose carbon has already been given, was asked for. This. 
change introduced no serious difficulties in manufacture, and very 
large quantities of the harder product have been furnished, and 
more successfully used, for some years now. 

The first steel passenger-car axles contained from o.22 per cent 
to 0.26 per cent of carbon. But in the course of a year or twoa 
number of these soft axles broke in detail, and a study of the case 
led to a demand for a stiffer steel for this purpose. Accordingly, 
when the present chemical specification for axles was prepared, the 
limits of the carbon were placed at from 0.35 per cent to 0.50 per 
cent, as has already been stated. ‘These proposed limits led to no 
small amount of discussion. At that time few, if any, axles had 
ever been made containing over 0.30 per cent of carbon. It was. 
feared that even though the proposed metal might be successfully 
made .in the furnace, it could not be successfully forged. One 
steelmaker told us in plain language we were making a most 
serious mistake, and that we would rue it. Another opposed the 
proposed specification in every reasonable way possible, and only 
took an order under it with the utmost misgiving. It is gratifying 
to be able to state that this latter maker of axles has within two 
years stated that the present axle specification was in every sense 
a most satisfactory one, and hoped it would never be changed. So 
great was the uncertainty and doubt about the ability to success- 
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fully make axles in accordance with this specification that the first 
deliveries were actually billed at 34 cents a pound. Within four 
months the price dropped to 13 cents. Furthermore, a couple of 
years ago indications began to manifest themselves that even the 
present axle specification required modification in such a way as 
to require a stiffer metal still. Accordingly a number of the steel- 
works were visited and the matter talked over with the experts, as 
to whether they would be willing to try to make axles with from 
0.50 per cent to 0.65 per cent of carbon. No one was found will- 
ing, but within six months word was sent by one of the works that 
they would gladly try it. Under the stimulus of the request, experi- 
ments had been made which promised a successful outcome, and 
although the question of stiffening the present axle has not yet 
been decided, there seems no good reason to fear that if higher 
carbon is decided on as the best solution of the problem, there will 
be any difficulty in obtaining it. Ten years ago we would have 
hardly dared to hope for it. 

One more illustration of the stimulating effect of the con- 
sumer on commercial products, and I have finished. It was for 
a long time customary to use only crucible steel in making springs, 
either helical, elliptic or semi-elliptic, and in these springs the 
carbon employed was usually from 0.65 per cent to 0.75 per cent. 
The service of these springs was very unsatisfactory. The break- 
age was something appalling, such that at some of the important 
repair shops a car-load of broken helical springs would accumulate 
ina few months. At that time the springmakers decided on both 
the kind of steel to use and the design. ‘They were given the space 
that could be allowed for the spring, and the load it must carry, and 
they did the rest. In fairness it should be stated that the condi- 
tions were severe, and that apparently neither producer nor con- 
sumer understood the situation. Very few tests had ever been 

made, and apparently the strains in the metal had never been cal- 
culated. The matter was taken up with some vigor by the con- 
sumer’s experts and an attempt made to get an understanding of 
the situation. It developed that when some of the helical springs 
then in use were brought down solid, the strain in the outside row 
of fibers was over 110,000 pounds per square inch. What wonder 
that the springs broke. As a result of the study of the matter, a 
specification was prepared covering both the design and the quality 
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of steel to be used. In view of the small space available, and with 
the tendency toward increasing loads already mentioned, it was 
felt that every advantage must be taken, and accordingly a round 
bar was decided on as being best able to resist the strains, instead 
of the flat or oval, which had previously been used, the maximum 
fiber stress was placed at 80,000 pounds per square inch, instead 
of the indefinite 110,000 pounds or more which had been charac- 
teristic of previous practice, and also a 1 per cent carbon steel was 
specified instead of 0.70 per cent, as had previously been used. 
Still further, no mention was made of the process by which the steel 
should be made. 

This proposed specification likewise met with some antago- 
nism. It was urged, not without a good deal of show of reason, 
that crucible steel was the only fit material to use in making springs, 
and that so hard a steel as is given by 1 per cent of carbon would 
be unreliable and probably cause more difficulty than had hereto- 
fore been experienced. It should perhaps be added for informa- 
tion that at this time the possibility of making a high-carbon steel 
in the open-hearth furnace had not been fully demonstrated, and 
that this proposed spring specification, leaving out the process by 
which the steel should be made, was a direct stimulus in the develop- 
ment of this method. The crucible steel people were therefore 
naturally a little anxious. It is undoubtedly well known that at 
the present time by far the largest portion of the steel used in 
springs is made in the open-hearth furnace. Notwithstanding the 
antagonism, the specification as drawn was sent out, and although 
there were some difficulties at the start, and one springmaker at 
least refused to fill orders, it soon became evident that the specifi- 
cation was going to survive. The results in service were most 
gratifying. When 30,000 helical springs according to specifica- 
tions had been put in service, a count was made of those which 
had broken, and only two were found. After three or four years, 
when there were perhaps two or three hundred thousand of these. 
‘springs in service, a request was sent to one of the principal repair 
shops to send twenty broken springs to the laboratory, in order 
that the relation between phosphorus and broken springs might be 
studied. At the end of three months, only twelve had been secured, 
and these were used as the basis of the investigation. ‘The effect 
of the specification on the producer was equally satisfactory. 
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Special and patented forms of bars absolutely disappeared, the 
open-hearth steelmakers soon learned how to make with perfect 
success a high-carbon steel, and from being antagonistic the spring- 
makers soon changed to the warmest friends of the specification, 
and recommended it everywhere to other railroads. It is perhaps 
not too much to say that 95 per cent of all the freight cars built in 
the United States within the last twenty years are fitted with helical 
springs closely patterned after or made in accordance with the 
specifications whose birth we have been trying to describe. 

It would be easy to continue this discussion to almost any 
length, but I spare you. Nearly every one of our forty or more 
specifications at Altoona has a more or less interesting history, and 
some of them would illustrate points in our theme which we have not 
been able to bring out. But I fear this paper is already too long, 
and that I have wearied your patience. The conclusions from the 
episodes given and from the incidents recounted have perhaps been 
made sufficiently clear as we have gone along in our discourse. 
But I am sure you will bear with me while I give you one general 
conclusion which to our minds sums up the whole matter, viz: 

The influence and voice of the consumer in the manufacture 
of commercial products have come to stay, and it is simply the 
part of wisdom for all concerned to recognize the situation. Also, 
since both the producer and consumer have each a direct interest 
in the product or thing made, the one in its production and sale, 
and the other in its use, there is no real reason why each should not 
study the product in most minute detail. If the producer knows 
better than the consumer, as he undoubtedly does, the effect of 
composition and details of manufacture on the thing made, so 
also does the consumer, if he studies as he should the behavior of 
materials in service, know better than the producer knows or can 

know, the relation between the composition, the physical proper- 
ties, or even minute characteristics of the thing made and its suc- 
cessful use. It is only by the combination of information from 
each of these two sources that perfectly successful commercial 
products can be obtained. Finally, if these views are accepted as 
correct, is it not evident that all energy spent in antagonizing each 
other is so much lost effort, and that the true policy is to work har- 
moniously together in our attempt to convert the crude materials 


of Nature into a shape to be useful in the service of man? 
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REPORT OF COMMITTEE A ON 
STANDARD SPECIFICATIONS FOR IRON AND STEEL. 


A meeting of Committee A was held jointly with Committee 
B some months ago to consider the proposed Standard Specifica- 
tions for Cast Iron and Finished Castings. It was intended to 
discuss at that time also the various matters that had been referred 
to Committee A at the last annual meeting. In view of the small 
representation of Committee A on that occasion it was decided to 
reserve the discussion of these matters for a special meeting to be 
called specifically for that purpose. 

Before issuing a call for this meeting, the Chairman addressed 
a circular letter to the members requesting an expression of indi- 
vidual opinion on the general question of the desirability of con- 
sidering various modifications in the Standard Specifications pro- 
posed by committees of other societies, and in part adopted by 
these societies. The replies to this circular inquiry, though in 
the main favorable to the proposition, were largely non-committal. 
Certain members thought it undignified to introduce any modifica- 
tions in the present specifications so soon after their adoption; 
others considered it undesirable to make any changes until the 
specifications had been subjected to a longer trial; while again 
others expressed their conviction that it was imperative to intro- 
duce certain modifications in order to bring the specifications into 
line with their conception of the best current practice. 

Inasmuch as the modification of specifications adopted as 
standard by the Society as a whole involved an important question 
of general policy, and since the sentiment of the Committee on this 
point was evidently greatly divided, the Chairman thought it 
expedient to submit this question to the judgment of the Society 
at this meeting. If it be the sense of the meeting that the time 
has come to consider a revision of the specifications, especially 
with reference to such modifications as have been proposed or 
adopted by other representative bodies, a meeting of Committee A 
will be called at an early date to take action in accordance therewith. 

In that connection it is interesting to call attention to the 
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movement that has been recently initiated in England, on similar 
lines and under conditions which are, in part, distinctly more 


favorable than those under which we are laboring; namely: 


(x) In that the work is under the joint auspices of the five 
leading technical societies, viz: 
The Institution of Civil Engineers, 
The Institution of Mechanical Engineers, 
The Institution of Naval Architects, 
The Iron and Steel Institute, 
The Institution of Electrical Engineers. 

The personnel of the various committees is made up of repre- 
sentatives of these five societies as well as officers of the War Office 
and Admiralty Department. Representation on these Commit- 
tees has been accorded also to numerous engineering, scientific 
and trade associations, to the International Association for Test- 
ing Materials as well as to the leading manufacturing and con- 
suming interests. 

(2) In that the British Government is lending financial sup- 
port to the work in the form of a grant of £3,000, the Indian 
Government having appropriated an additional sum of £1,000. 
The Committees have further the direct financial support of the 
five above-named technical societies. 

The scope of the field which this Committee on Engineering 
Standards proposes to cover may be judged from the following list 
of Committees and Sub-committees: 

1. Sections used in Ship Building (11 members). 

(a) Sub-Committee on Tests for Iron and Steel Material 
used in the Construction of Ships and their Ma- 
chinery (23 members). 

2. Bridges and General Building Construction (12 members). 

3. Railway Rolling-stock Underframes (13 members). 

4. Locomotives (28 members). 

(a) Sub-Committee on Component Parts and Tires (14 
members). 

(6) Sub-Committee on Steel Plates (7 members). 

(c) Sub-Committee on Tires, Axles and Springs (6 mem- 
bers). 

(2) Sub-Committee on Copper and its Alloys (6 mem- 
bers). 
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5. Rails (22 members). 

(a) Section on Railway Rails (11 members). 
(6) Section on Tramway Rails (4 members). 

6. Electrical Plant (22 members). 

(a) Sub-Committee on Generators, Transformers and 
Motors (13 members). 

(6) Sub-Committee om Temperatures of Insulation Mate- 
rials (5 members). 

(c) Sub-Committee on Cables and Conduits (tz mem- 
bers). 

(¢) Sub-Committee on Telegraphs and Telephones (7 
members). 

7. Screw-Threads and Limit-Gauges (26 members). - 

(a) Sub-Committee on Screw-Threads (26 members). 
(b) Sub-Committee on Limit-Gauges (17 members). 

8. Pipe-Flanges (12 members). 

o. Cement (17 members). . 

Three of the above-named committees have considered inde- 
pendently the question of “Standard Sections for Rolled Iron and 
Steel,” have held joint meetings and have agreed upon standard 
sections which have been adopted and published. 

It is perhaps not too much to expect that eventually on the 
completion of the reports of the English committees, the results 
of their work and our own may be harmonized, provided that the 
American Specifications have the endorsement in their present or 
modified form of the leading kindred societies, so that they may 
be recognized as truly representative American specifications. 

Respectfully submitted, 
Wri1tam R. WEBSTER, 
EpGAR MARBURG, Chairman, 
Secretary. 


DISCUSSION. 


THE PRESIDENT.—Shall we revise the specifications aftei The Presiden 
having had them out for the short space of a year or two, and 
bring them up to date, or shall we print them and issue them in 
permanent form without modification ? : 
H. H. Campserri.—lI move that there be no change made y; campbeif 
in the specifications and that they be printed as they are. 
(Motion seconded.) 
These specifications of ours are the results of conferences with 
a number of engineers and engineering societies and of at least ten 
years of discussion. Every point has been threshed and rethreshed 
over and over again, and no specification will suit every man in 
this room. This specification as it stands represents the engineers 
and manufacturers better than any other one specification. 
W. R. WesstER.—While it is true as Mr. Campbell says, yy. webster 
that these specifications have been submitted to other societies, 
yet, if I remember correctly, this was not done until they were in 
their present form. To-day we have the reports of two or three 
of the committees of other societies on our specifications and I 
think we should give careful consideration to the modifications, 
they recommend before reprinting the specifications in their 
present form. 
EpcGar Marsurc.—It has been frequently said that our speci- Mr. Ma burg 
ifications should not yet be revised because they have been in force 
only about three years. By some standards of measurement, 
three years is a short period; but if we consider what has been 
done along these lines in the meantime, it is a long period. We 
have invited other societies to discuss and criticize our specifications 
and this has been done both in open meeting and through com- 
mittees whose reports are now available in printed form. These 
reports are in the main favorable to our specifications; but a 
number of changes on points of more or less importance have been 
recommended. The question is, can we afford to disregard these 
recommendations? It seems to me that the Society should continue 
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to take a broad and liberal view of things; that we should welcome 
light from any source whatever that will enable us to see our way 
more clearly to correct conclusions. I do not refer to minor 
points of difference which can never be wholly avoided; but to the 
more important points in which the specifications reported to other 
societies differ from our own. To dismiss these in what might 
appear to be a perfunctory or arbitrary manner would merely 
serve to defeat whatever purpose might prompt such a course. 

It seems to me that the proper attitude for the Society to 
assume in these matters is not to stand on its dignity and do 
nothing, but to give fair and full consideration to what has been 
formally proposed by other societies, by inviting their representa- 
tives to attend meetings called for that very purpose. Let our 
committees be instructed to give careful consideration to the 
leading points of difference with a view of reconciling the same if 
possible. Let these committees be. requesetd to state in their 
reports their reasons for or against the modifications that have 
been proposed. It seems to me that in that way, and in that way 
only, can we hope finally to reach a result whereby our specifica- 
tions will be generally recognized as being in fact as well as in 
name, ‘‘Standard American Specifications.” 

Wm. Kent.—I heartily agree with what Mr. Marburg has 
said, and I wish to offer an amendment to Mr. Campbell’s motion. 
He proposes to print our present specifications. I would also 
have printed in addition the recommendations of the committees 
of other societies and have our committee instructed to prepare a 
digest of their conclusions, with a view of reconciling the different 
specifications, and bringing them into harmony with our own. 
(This amendment was accepted by Mr. Campbell.) 

Mr. CAMpPBELL.—There seems to be a misconstruction of my 
remarks or of my motion. One would suppose that I had made 
a motion that our specifications should never be changed in the 
indefinite future. My motion only applied to this particular 
meeting; the amendment does not change the situation at all. 
All papers on the subject should be in print for our careful study. 
It would be unwise, however, to introduce any new matter without 
thorough investigation. 

Ropert Jos.—The discussion shows conclusively that a 
number of important changes have been made and proposed in 
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our standard specifications since those of our Society were adopted “™ J°- 
several years ago, and I, for one, shall heartily endorse the plan 
of having these specifications submitted to the committee for 
their revision in accordance with the best standard practice. I 
think this the only right course in view of the general discussion 
within the past few years. 
G. Lanza.—The principle has been repeatedly acknowledged “™ }**=- 
that our specifications are to be constantly modified as fast as new 
light appears upon the subjects; hence we ought to be always 
~ready to consider any proposed changes. 
Moreover, it is not sufficient that Committee A have laid 
before them certain modifications to be considered and that they re- 
port back to the Society that they recommend or do not recommend 
their adoption. It seems to me that Committee A should be 
instructed by the Society to take up and discuss at least the more 
important of the modifications reported by other societies, and to 
give us the reasons for whatever recommendations they present. 
As an instance, two vears ago in this room we had a very 
earnest discussion which turned on the question of heat treatment. 
At that time there was objection to making modifications imme- 
diately. It was stated by certain steel makers, that there was not 
enough known about it, and I remember very well that some of 
the steel makers stated that they would know more about it very 
shortly. It seems to me that they ought to be able to report 
something in detail by this time, but we have to-day, two years 
later, coming up before us from engineers and engineering societies 
the same questions, and nothing has been done by us, notwith- 
standing that our attention was called to it two years ago, and 
that others are already making demands upon the steel maker 
for the purpose of insuring proper heat treatment. 
j It seems to me that this society should discuss the question 
of heat treatment as it comes up to-day, or else, that it give to 
Committee A instructions to discuss it and to report the pros and 
cons in favor of or against any recommendations they may make. 
Mr. Jos.—It seems to me if a report is to be made upon this ye yoo. 
subject at our next meeting next year it would be a good plan to 
have the data sent to each member of the society prior to the 
meeting in order that we might have all the facts that are at hand 
and know just exactly what has been done and what recommenda- 
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tions are to be made, and thus be in a position to act intelligently 
at the meeting. 

Wittram Mercarr.—I am not a manufacturer of structural 
steel and I am not an engineer of structures, but there has been a 
great deal said in which I am vitally interested; two or three 
points that strike me very forcibly. One is that according to my 
experience in life, the best thing a manufacturer can do is to find 
out what the other fellow wants and give it to him. Another thing 
is, that I vastly prefer to work to specification when I can get 
one, because when I fill that my responsibility ceases. 

In regard to revising the specifications, in consideration of 
what the President said so beautifully and forcibly last night, it 
strikes me that it is worth while for us to consider whether we 
might not possibly be running our heads against a stone wall. 
There is a society of engineers of maintenance of way. When 
they make recommendations, and the chief men of their organiza- 
tions or railroads say we adopt your recommendations, that is 
what the manufacturers have to got make, whether they like it or 
not. If we don’t consider that we may simply run our heads 
against a stone wall and get up a specification that will be of no 
use to anybody. 

With regard to the question of heat treatment, I don’t believe 
there is a manufacturer who does not know all about it; it is the 
other fellows who are to find out what they ought to compel us to 
do if they can, to get the best heat treatment. 

The question as it strikes me could be reduced to very simple 
limits, and that is that all these matters be referred back to Com- 
mittee A, with instructions to examine them thoroughly and report 
later. , 

JoserH RoyaAt.—It would appear to me that the motion and 
amendment may lead to endless argument and discussion, and I 
should think, as Mr. Metcalf has said, a simple resolution would 
facilitate matters. ‘The most important specifications that this 
Society can promulgate are specifications for iron and steel. There- 
fore, it might be the part of wisdom to refer this question back to 
the committee with instructions to consult with all the leading 
engineering societies in the country, and endeavor to present to us 
at our next annual meeting specifications acceptable to all knowing 
it is satisfactory to all these engineering societies. ‘The report 
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might be printed in advance with comments, so that all the mem- yy, Royal, 
bers may know in advance of the meeting the probable text of 

the discussion. I find it very unsatisfactory to come to these 
meetings to listen to papers that one is to a certain extent practi- 

cally unprepared to discuss. 

Mr. WEBSTER.—I would say that we have been consulting yy webster. 
with other committees and other societies for three years. Our 
committee has taken a firm stand, however, that they will not 
consider any modifications. If the Society thinks we should 
consider modifications and decide them on their merits, let the 
matter be referred back to us and we will take our own means and 
time for doing so. As to printing a mass of stuff on the subject, 

I don’t think I thall have time to attend to that, and I know Mr. 
Marburg, the Secretary, will not have the time. 

Mr. Marsurc.—lI should like to call attention to the fact mr. Marburg. 
that our last volume of proceedings contains all the leading specifi- 
cations recently recommended. Mr. Colby’s paper, for example, 
gives a detailed comparison of the important points of difference 
in specifications in convenient tabulated form, and those members 
directly interested have had an opportunity all this time to post 
themselves thoroughly on the points in question. 

I want to second heartily what Mr. Webster has said. It 
would be impracticable, considering our resources, to attempt to 
issue a mass of data of this sort that is of direct interest to only a 
comparatively small portion of our large membership, Again, 
there is the question of discriminating between what may be 
regarded as essential and non-essential points. That has to be 
entrusted to somebody, and the committee would seem to be the 
body to whom it should be entrusted. Therefore, I think a brief 
resolution to the effect that Committee A be instructed to give 

_ careful consideration to the recommendations of other societies, 

_ and to make a detailed report on all important points of difference 
will meet the situation adequately. This report should, of course, 
be printed for advance distribution. 

Mr. CampBeLL.—lI withdraw my original motion, and move 
that the matter be referred to Committee A, with instructions to 
send out their recommendations in printed form, with a majority 
and a minority report, before the next annual meeting. (This 
motion was duly seconded and carried). 


Mr. Campbell. 


REPORT OF COMMITTEE “B” ON STANDARD 
SPECIFICATIONS FOR CAST IRON AND 
FINISHED CASTINGS. 


INTRODUCTION BY WALTER Woop, CHAIRMAN. 


In laying before the meeting the results of the work of the 
sub-committees in the form of the proposed Standard Specifica- 
tions for Cast Iron and Finished Castings, there is little to add, 
except to call attention to the fact that care was taken in forming 
these sub-committees to appoint on them men prominent.in each 
specialty covered by these specifications. 

Each committee in doing its work followed the same general 
plan, namely, to discuss among themselves, either at a personal 
meeting or by correspondence, the general form, details and 
features of the specifications. As each specification was com- 
pleted the final result was referred as a whole to each member of 
the committee, and the result reached was as nearly unanimous 
as could be expected where men of strong individuality compare 
and adjust differences of views. 

It is hoped that the committees which have as yet not been 
able to report, namely, those on ‘Influence of the Addition of 
Special Metals to Cast Iron,” and ‘ Micro-Structure of Cast Iron,” 
will, as time goes on, be able to lay before the Society interesting 
facts on these two important subjects, which really lie at the 
foundation of the intelligent study of the physics of cast iron, and 
this, after all, is the basis upon which practical results must rest. 

The International Association expecting to meet in St. Peters- 
burg in August of this year, the President requested that all mat- 
ters to be brought before that Congress should be in his hands 
by January 15. Copies of the specifications now before you were 
therefore duly forwarded to President Tetmajer. It is hoped 
that the postponement of the Congress on account of the war will 
permit a full discussion of these specifications by our foreign asso- 
ciates, so that when the next Congress meets, it will be possible 
to reach some definite conclusion as to International Specifica- 
tions. 
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} The drafting of Standard Specifications naturally brings into 
_ harmony various thoughts and suggestions, all of which are good 
| and lead to practical results, and which probably only need to be 
_ reduced to a system for the sake of reaching the desirable end, 
_ viz.:—a uniformity of methods. In addition to this general pur- 
' pose, the committees have had in mind two most important points: 
ie 1. To establish an intelligent standard for the purchase and 
a sale of pig iron, and thus to abandon the old-fashioned way of 
_ grading the metal from its appearance. 
2. To adopt a standard test-bar, and to fix the manner in 
_ which it shall be made and tested. The Committee has furnished 
a measure to which the test-bars now in use throughout the 
- various trades can be referred. 
i If nothing farther had been accomplished, the work of the 
/ committees would have been most useful. They have gone farther, 
_ however, and have covered quite thoroughly the whole field of 
| Cast Iron and Finished Castings. 
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PROPOSED STANDARD SPECIFICATIONS FOR 
FOUNDRY PIG IRON. 


ANALYSIS. 


It is recommended that all purchases be made by analysis. 


SAMPLING. 


In contracts where pig iron is sold by chemical analysis, each 
carload, or its equivalent, shall be considered as a unit. At least 
one pig shall be selected at random from each two tons of every 
carload, and so as to fairly represent it. 

Drillings shall be taken so as to fairly represent the fracture 
surface of each pig, and the sample analyzed shall consist of an 
equal quantity of drillings from each pig, well mixed and ground 
before analysis. 


ALLOWANCES AND PENALTIES 


In all contracts in the absence of a definite understanding to 
the contrary, a variation of 1o per cent. of silicon, either way, 
and of o.o1 in sulphur above the standard is allowed. A deficiency 
of over 10 per cent. in the silicon, up to 20 per cent., and a further 
increase in sulphur up too.or over the above allowance, subject 
the shipment to a penalty of 1 per cent. in the price for each element 
so affected. 


Base ANALYSIS OF GRADES. 


In the absence of specifications the following numbers, known 
to the trade, shall represent the appended analyses for standard 
grades of foundry pig iron, irrespective of the fracture, and sub- 
ject to allowances and penalties as above: 


Per Cent, Per Cent, 
Grade. Silicon, Sulphur, 
INOS Tiisce vierntovel cba. « ane tuanea ties? Wei a hays 2.75 0.035 
INO tei ncninustale ae vies lctecaie ete teheke PTs ea cae 2.25 0.045 
INO Ma tras Cis.n, Casals. Satvet enero pete. Aenea 1.475 0.055 


INO Teal yrcis a aacuavn laces veutan rere entries. etal 1.25 0.065 


DISCUSSION. 


RicHARD MOoLpENKE.—In the discussion of the proposed Mr. Moldenke 
pig iron specifications at the meeting of the American Foundrymen’s 
Association, it was pointed out that the selection of one pig to 
represent every two tons of pig iron was burdensome, and would 
not be observed. One pig for every four tons was suggested as 
amply sufficient. Then the penalty exacted was considered 
entirely too low. The foundryman feels that with a ro per cent. 
variation in the silicon from the standard he can get along well 
enough. When, however, a second ro per cent. is added, and 
only 1 per cent. of the value sacrificed by the furnaceman, then he 
in reality gets an iron one grade number lower, and pays only 
seventeen to twenty cents less therefor, which is not in accordance 
with market conditions. The foundrymen therefore, request a 
modification of the specifications to the effect that when the second 
drop of 10 per cent. in the silicon takes place, the acceptance of 
the iron be made optional, and the penalty be 4 per cent. of the 
selling price. 

In the discussion the further question was asked why only 
silicon and sulphur were specified, and not manganese, phosphorus, 
etc. The explanation was given that the latter elements were 
really a question of brand, certain furnaces having their irons 
always with given and well recognized percentages of the latter 
elements. Silicon and sulphur, however, were a matter of grade, 
and hence should be specified carefully. 

A further question was that of possible oxidation. It was 
pointed out that this might be the cause why charcoal irons and 
the coke varieties, all of identical composition, give such different 
strengths in the castings made from them. We have as yet much 
to learn in this respect. E 

B. F. FACKENTHAL, JR.—What about the price? Mr. Fesiantinl 

Mr. Moipenke.—The price would not matter so much in 4, yoidenke. 
this instance, if the penalty be made sufficiently protective. The 
foundryman would say: ‘‘All right, the iron is in my yard, and I 


Mr. Moldenke. 
Mr. Kent. 

; 

‘ 


Mr. Moldenke. 


Mr. Kent. 
Mr. Wood. 


ee Se eee 


Mr. Kent. 


Mr. Diller. 


Mr. Moldenke. 


46 DISCUSSION ON SPECIFICATIONS FOR PiG IRON. 


will keep it, but I will make my settlement on a basis of so many 
cents a ton reduction.” When the price of pig iron is very high 
the 4 per cent. penalty is more than the difference in grade price, 
but it is just then that the foundryman needs the protection: 

Wa. Kent.—I would like to ask an explanation as to the 
amount of penalty. The language does not seem to me to be 
clear. It reads, ‘Up to 20 per cent.”” What would happen if it 
were over 20 per cent? 

Mr. Morpenke.—After 20 per cent. the iron is rejected 
absolutely. 

Mr. Kent.—It should then be so stated. 

WALTER Woop.—That question was talked over at the 
Delaware Water Gap Meeting, and the claim was made that the 
furnace-men ought to have some limit, up to which they can insist 
gn the iron being accepted, and the customer ought to have some 
limit at which he can stop the acceptance, and that 20 per cent. 
was a proper limit at which the discussion should begin. It is 
hardly fair to either the furnacemen or foundrymen.to say the 
metal shall be rejected. That should be left to the option of the 
seller and buyer. 

Mr. Kent.—If beyond 20 per cent. the matter is to be left 
for adjustment; the language should state that. 

H. E. Ditter.—I should like to say that I think a 4 per cent. 
provision would be a good one. One per cent. in the present price 
would be about three dollars for a car load, and it would not pay 
for the trouble of collecting and proving the correctness of the 
buyer’s analysis. When a firm sells iron they ought to know what 
they are selling and be able to give what they guarantee up to at 
least 20 per cent. 

Mr. MoLpEnKe.—This penalty is really more important 
than it seems. I believe it is the first of our specifications to 
embody the idea of either penalty or bonus. The specifications 
then not only take up the pure matter of testing, but add a com- 
mercial utility which will be found of great value to both consumer 
and producer. This will be further seen in a request to be made 
to you for the establishment of a committee on specifications for 
foundry coke. Here also will be a commercial as well as a scien- 
tific problem, involving the selection of a standard coke, with bonus 
and penalty for a variation above or below it. 
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Mz. Moipenkce.—The foundryman usually calls for more we. Meiaerie. 


silicon than he really requires. The difficulty with the average 
foundryman is that he does not know how to use the chemistry of 
the melting process to advantage. After he gets a good low 
sulphur iron by proper specification, he then deliberately adds 
more sulphur in the cupola. Until, however, greater care is taken 
to secure low sulphur coke, and then to melt hot enough, little can 
be done to remedy this matter. 


Tse Presment.—The question of sulphur in pig iron is very The Presidest. 


important. We have many times examined iron, before it went 
into the cupola, and then examined castings. If we start with 
0.08 per cent. sulphur in the pig iron, we not infrequently find o.12 
OF 0.13 per cent. in the castings. Where does this extra sulphur 
come from? The answer is, from the coke. It is hardly possible 
to get coke containing less than 0.75 per cent. of sulphur, and if 
the calculation is made on the supposition that seven pounds of 
metal are melted by a pound of coke, and that the hrgest portion of 
the sulphur in the fuel goes into the metal, it is easy to see where 
| the extra o.10 per cent. of sulphur comes from. If now we start 
with 0.06 or 0.08 per cent. or o.10 per cent. of sulphur im the pig 
_ Inetal, it is easy to see what we will get in the castings. 
; Does any one know that 0.30 per cent. of sulphur in a finished 
casting is detrimental, or what is the real successful limit of sulphur 
' in cast iron? We are quite familiar with the common belieds, but 
| has any one sufficiently demonstrated this point to enable him to 
_ be dogmatic? 


J A. Krxxeap—In the problems of cast iron, there are 50x Knead. 


_ Many variables that one cannot adjust them all. The question of 
" sulphur alone depends in part on the size of the casting. We had 
| 2 cylinder head one day which could not be machined, showing 
_ 0.22 per cent. sulphur, but other castings from the same ladle gave 
no trouble and the analysis of the day’s rum was normal. 

The sulphur proposition came to me recently from a railroad 
company, they asking for cast iron wheel centers with not over 0.03 
Per cent. sulphur, while none of the pig irons on the market that 
ould be used contained less than a guaranteed 0.03 per cent. and 
the coke was ako high im sulphur im that market. 


one of the conditions which usually surround the foundry. Nearly 


Me. Morpence.—Mr. Kincaid is perfectly correct. It isa moaete. 
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all of them have machine shops attached. Every time there is a 
hard casting, there is trouble. The difficulty is not so much from 
the additional 0.02 per cent sulphur itself, but from the effect that 
this sulphur has on the carbon content. The more this carbon is 
kept in the combined state, as a result of the presence of greater 
quantities of Sulphur, the harder will be the casting. 

THE PRESIDENT.—It seems apparent in the present state of 
our knowledge in regard to pig iron and the influence of the various 
substances contained in the metal on it, that fine distinctions 
cannot be made. What we want to decide on is a fairly reasonable, 
workable specification, which will undoubtedly be subject to 
modification from year to year. 

Mr. Woopv.—The specification for pig iron starts out, as 
you all notice, with the recommendation that pig iron be always 
bought by analysis. The analyses with which the specifications 
close are simply tentative, until the small foundryman becomes 
accustomed to buying by analysis. Buying by analysis was put 
in the specifications as a departure from the old practice of buying 
by number. It was thought by the committee that the small table 
of analyses at the bottom would eventually cease to exist. 

T. D. West.—Are we to accept these specifications for one 
year only? My idea in asking that, is, that while the numbering 
of the grades shown is in the right line, it hardly comes up to what 
I would like to see adopted. I know from experience, that a 
variation of 0.25 per cent. in silicon or 0.030 per cent. in sulphur 
will affect the iron so that one can generally detect it with a chisel 
or tool in the machine shop, and I have long advocated the dividing 
of numbers or grades into ten. But I cheerfully endorse the 
specifications as they stand, because I believe they are a stepping- 
stone to something better. 

In March, 1g9e1,I presented a paper to the Pittsburgh Foundry- 
mens’ Association setting forth the great need of a systematic 
method of numbering pig iron so that one could form some con- 
ception of the grade of any iron by a number. The following 
table presents the division of grades in ten numbers as advocated, 
and any one interested can find the whole subject explained and 
fully discussed on pages 148 to 156 in “ Metallurgy of Cast Iron;” 
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Mr. West. 


No. 1 Iron. No. 2. No. 3. No. 4. 
BSUNGON gees inna iets 2.75 to 3.00 | 2.50 to 2.75 | 2.25 to 2.50/| 2.00 to 2.25. 
: Siollesvite Spee eee corto .04] .orto .04] -or to .o4] .onto .o4 a 
; No. 5. No. 6. Nocas No. 8. 
BSPNCOD ss es ts 1.75 to 2.00/ 1.50 to 1.75 | 1.25 to 1.50] 1.00 to 1.25 
BOUUIPNUr . bis wea .02 to .o5| .o2to .o5] .03 to .06] .03 to .06 
ee Pee tee 
i No. 9. No. ro. 
BeSilicon ......... --+| -7§ tox.00| .soto .75 
Py. “SUTTER gS Rite ecroge .04 to .07! .o4 to .10 


f Mr. FACKENTHAL.—At the recent meeting of the Mr. Fackenth 
American Institute of Mining Engineers I presented my views 
on the subject of “Chemical Specifications for Pig Iron” 
rather fully, and I should be glad if that paper could be added 
to the report of the present discussion as my contribution on 
the subject. 


t 


= 
4 
4 The motion was made and carried that these specifications 
be referred back to the committee for modification in accordance 
with the discussion, and that they be then transmitted to the 
Executive Committee with power to refer them to letter-ballot.* 


*The revised specifications, which were adopted by letter-ballot on 
November 15, 1904, appear on pp. 103-104.—Eb. 


CHEMICAL SPECIFICATIONS FOR PIG IRON.* 
By B. F. FACKENTHAL, JR. 


The manufactureres of. merchant pig-iron can congratulate them- 
selves that foundry-men are slowly but surely recognizing the fact that 
their mixtures should be made up according to chemical analyses, rather 
than by fracture; but in my experience many foundries ordering specifi- 
cation-iron want the grading by fracture also. They want both the penny 
and the cake. 

One of the largest customers of the Thomas Iron Co., who uses 
thousands of tons of Thomas iron yearly, always buys ‘‘No. ‘2 plain,’”” 
stipulating for shipments from the lower pig-beds when we can furnish 
them. Being an old furnace-manager, he knows that the iron in the 
lower beds, having traveled farther from the furnace, cooling as it warmed 
the greater length of runner, solidifies sooner in the beds, and thus presents 
a closer grain; whereas, the iron of the upper beds, remaining longer 
liquid, will exhibit after solidification a fracture of higher grade, though 
the two may be identical in composition. In other words, No. 2 plain 
iron from the lower beds may be just as good in the cupola as No. 2X of 
the same cast from the upper beds, while it is cheaper, when the price is 
determined by grade, and the grade by fracture. This founder has no 
laboratory; but his practical knowledge of the conditions of the pig-bed 
has enabled him, for many years, to save the difference of price (at least 
50 cents per ton) between No. 2 plain and No. 2X on a considerable pro- 
portion of the iron he has bought. Since classifying by analysis instead 
of fracture would put the No. 2 plain of lower pig-beds in the same class 
with the higher-priced No. 2X of the same cast and composition, it is no 
wonder that, as a buyer of superior shrewdness, he prefers the old 
method. 

Yet classifying by analysis, which is in such cases and in other ways 
often advantageous to the furnace-man, ought to be preferred by the 
founder, because it would enable him to calculate his mixtures with 
certainty. For there are both tricks of nature and tricks of the trade 
which may make the grading by fracture unfavorable and mis- 
leading to the consumer; and, after all, the most advantageous 
arrangement for both parties is that which is just to each. Unquestion- — 


* This paper is reprinted from advance sheets of Vol. XXXV of 
the Transactions of the American Institute of Mining Engineers, as an 
interesting contribution to the preceding discussion on Standard Specifi-~ 
cations for Foundry Pig Iron.—Eb. 
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ably, such an arrangement should be based upon a common knowledge of 
the composition of the pig-iron concerned; and this knowledge requires 
of the founder the determination of mixtures for the cupola, based on 
chemical data. This, however, will be of but little value to the founder 
who permits his application of chemistry to stop there and does not carry 
it also to the floor of his foundry, by regular tests of his castings. But 
some founders are not yet willing to take this trouble; and, as a conse- 
quence, they cannot locate the cause of unsatisfactory castings. Often 
they complain of the pig-iron, when this was entirely suitable, but was 
spoiled in re-melting. The following examples from my record of analyses 
may serve as illustrations: 

1. Complaint was made that a car-load of No. 2X Thomas iron 
produced hard castings, when soft ones were desired, and were reasonably 
to be expected from that grade of pig. The customer returned two pigs, 
marked respectively ‘‘hard”’ and ‘‘soft,’’ and two samples of the unsatis- 
factory hard castings. These four samples were analyzed in the Hoken- 
dauqua laboratory, with the following results :— 


Hard Pig. Soft Pig. Casting. Casting. 

Per Cent. Per Cent. Per Cent. Per Cent. 
Silicon, . 2 . 2.680 2,023 Bnia2 7 2257 
Sulphur,. 3 . ©.022 0.023 0.263 0.249 


The Thomas Iron Company’s sampling of the entire car-load, prior to 
shipment, showed silicon 2.61 and sulphur 0.022 percent. It is unusual 
for the analyses of selected pigs returned to the laboratory to correspond 
so closely to those of the furnace sampling. The ‘‘hard”’ pig was doubtless 
chilled in the runner and, therefore, not as open-grained as the ‘‘soft”’ 
one; but they doubtless came from the same cast, and possibly from the 
same bed. If the founder had bought by analysis and not by fracture, 
he would have preferred the ‘‘hard”’ pig, since it was slightly higher in 
silicon, and slightly lower in sulphur than the “‘soft’’ one. The castings 
sent for analysis contained about twelve times as much sulphur as the 
original pig-iron, and the founder’s difficulty was certainly due to bad 
cupola-practice. The excessive amount of sulphur in the castings may 
have been due partly to fuel high in sulphur, and perhaps partly tc 
improper fluxing, but more probably to the use of too little fuel in re-melt- 
ing the iron. The loss of silicon during the re-melting was about 13.8 per 
cent., which shows fairly good practice in this respect. 

2. Another customer, who complained that Thomas No. 2X iron 
gave him bad results, returned six pigs and a hard casting. The analyses 
of these samples, also the analysis of the pig-iron before it was shipped 
are as follows:— 


ij i ‘) 
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Furnace Six Pies : 
Semeiee ae Reginiel. Hard Casting. 
Per Cent. Per Cent. Per Cent. 
Silicon, “ q 2.70 2.854 2.257 
Sulphur, . < ; : - 0.017 0.052 0.319 
Phosphorus, . : : eek 0.812 0.800 
Manganese * > ©. 403 0.291 


Loss of silicon on reek oats 20 ae cent. 


In this instance the pigs returned were much higher in sulphur, but 
the cause of complaint was doubtless the same as in the former instance, 
viz.: too much sulphur was allowed to be taken up in the cupola. <A few 
more pounds of fuel would have corrected the difficulty and kept the 
sulphur out of the castings. The same customer reported that a previous 
shipment of iron, containing silicon, 2.40; sulphur, 0.041; and phos- 
phorous, 0.736 per cent., gave him entirely satisfactory results. I could 
give many examples of this kind, but these two are sufficient. 

Many foundry-men call for high silicon iron; and if the results are 
not satisfactory, they seem to think that still higher silicon would correct 
the evil. Our experience, however, is that, in many instances, the silicon 
specified was already too high, and that they required iron lowers not 
higher, in this element. 

3. Acomplaint was made of Thomas No. 2X iron on account of the 
blow-holes it contained, which, the founder said, were reproduced in his 
castings. The iron made at that time in one of our furnaces did, in fact, 
contain an unusual number of blow-holes, and we experienecd great 
difficulty in locating the trouble, which was finally traced to the quality 
of the sand used for the pig-bed. The founder sent us four samples of 
borings, two from the pig-iron and two from the castings, which gave the 
following analyses :— 


Pig-Iron, Castings, 
Pig-Iron, Side of Castings, Side of 
Sohd Part. Blow-Holes. Solid Part. Blow-Holes. 
Per Cent. - Per Cent. i Per Cent. Per Cent. 
Silicon, . : - 2.608 2.617 1.778 1.778 
Sulphur, 3 - 0.029 0.027 0.150 ©.129 
Phosphorus, . . 0.836 0.860 0.864 0.852 


Loss of silicon in re-melting about 32 per cent. 


I cannot see why blow-holes occasioned by bad sand in the pig-bed 
should be injurious to the iron, or why such blow-holes should be repro-— 
duced in the castings. Both in the pig and in the castings the sulphur 
was lower in the iron around the blow-holes than throughout the solid part _ 
of the pig. This is another instance in which the iron was permitted to_ 
take up excessive sulphur in the cupola, and, doubtless, goes to show that _ 
the founder was trusting to the appearance of the pig rather than to its” 
chemical analysis. 

4. Three car-loads of pig-iron shipped by rail were delivered to the 
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wrong customers: a puddling-furnace receiving No. 2 plain, intended 
for a pipe-foundry; the pipe-foundry receiving a car of No. 2X intended 
for a pump-works; and the pump-works receiving the car of gray-forge 
intended for the puddling-mill. All these shipments were received and 
used without complaint. In these cases the fracture could not have been 
taken into account by the customers. 

5. To a customer operating puddling-furnaces, who always specified 
open iron, there was shipped by mistake a car of silver-gray iron, contain- 
ing 6.38 per cent. of silicon, made while blowing-in a furnace. He 
reported that particular car-load as having given very satisfactory results; 
and for some time thereater he referred to this shipment and wanted more 
like ir. The iron was open-grained, and the appearance suited him. I 
have often wondered whether he used it alone or in mixture with some 
other iron that happened to be particularly low in silicon,. 

6. Some years ago, visiting a furnace-plant in the Birmingham 
district, Alabama, I found that special efforts were being made to keep the 
iron in the pig-beds hot for as long a time as possible, by covering it with 
sand to the depth of 6 or 8 inches. It was claimed that this annealing 
process toughened the iron and permitted the segregation of an additional 
amount of graphitic carbon. On my return home, believing that I had 
learned something of great value, I tried the experiment at the Durham 
furnace, of which I was manager at that time, with the result that after 
the iron was cool it was impossible to break the pigs from the sows by 
sledge-hammers or other ordinary means. The pig-iron was finally 
dragged out of the cast-house with a team of horses, one bed at a time, 
and the entire force of blacksmiths was used to cut it apart with cold- 
cutters. No further attempt to improve the fracture was made. 


I will close these remarks by giving the following statement of inter- 
esting experiments, made in the cupola of a large foundry, to show the 
losses of silicon in re-melting, as affected by the presence of manganese :— 


Sample Manganese. Per Cent. of Total Silicon. 
No, Per Cent. Lost in Re-melting. 
) - 0.04 34 
2, OFZ 23 
3; 07 AS 12 
4, - 0-53 4 


I am not at liberty to give the brands of iron, except to say that 
Sample No. 3 was Thomas iron. 


SPECIFICATIONS FOR CAST IRON AND FINISHED 
CASTINGS.* 


By RicHARD MOLDENKE. 


In following the discussion on the specifications for cast-iron and 
finished castings, I was strongly impressed with two points which might 
be ventilated to advantage more fully from the view of the practical 
foundryman. ;First, the reasons why only silicon and sulphur were 
specified and not phosphorus, manganese and carbon; and second, why 
but little was said concerning the presence of iron oxide in the material. 

With regard to the first point, the modern foundryman always 
demands a full analysis of the pig-iron on which he is figuring with the 
seller; yet, when the order is placed, only the silicon and sulphur contents 
of the pig-iron are of importance. 

Concerning the presence of phosphorus, all the pig-iron made for 
foundry purposes is divided into three classes, namely, containing less 
than 0.4 per cent.; between o.4 and 0.8 per cent., and more than o.8 per 
cent. In all of these three classes a choice is to be had of the silicon and 
sulphur contents. The pig-irons containing the lowest ranges of phos- 
phorous will be used for making special grades of gun-iron, car-wheels and 
specification-castings; and to the foundryman it is immaterial whether 
the phosphorus present is a mere trace or 0.4 per cent., provided it be 
not above the latter limit. If ordinary classes of jobbing work, machinery, 
and gray~iron castings in general, pig-iron containing the medium per- 
centage of phosphorus is desired, and in this case also it is not important 
whether the phosphorus-content be at the upper or at the lower limit, 
provided it does not go beyond either. Finally, for art work, stoves, and 
novelty castings, or those in which great fluidity of the metal is required, 
the high range in phosphorus is selected, and it matters little how high 
this range is, for the reason that any great discrepancy will be adjusted 
by proper mixing before melting. Furthermore, the customs of the trade 
are such that no pig-iron merchant would think of selling a high phos- 
phorous pig-iron to the maker of boiler-castings, which are tested under 
pressure, and, therefore, might endanger life. The stove manufacturers 
have learned to use certain pig-irons high in phosphorus, and would not 


*This paper is reprinted from advance sheets of Vol. XXXV of the 
Transactions of the American Institute of Mining Engineers, as an inter- 
esting contribution to the preceding discussion on Standard Specifica- 
tions for Foundry Pig Iron.—Ep. 
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think of going outside of this class of metal; consequently, the element 
phosphorus is not so all-important in foundry-practice as it is in making 
steel; and, as a result, it was not deemed necessary to burden the general 
specifications for the sale of pig-iron with the phosphorus requirements., 

A similar condition of affairs exists with regard to the quantity of 
manganese present in pig-iron. In this case there are two classes of 
metal; the line of division being 0.8 per cent, of manganese. Pig-irons 
containing a percentage of manganese less than 0.8 per cent are valuable 
for making ordinary foundry-castings; while those pig-irons exceeding 
0.8 per cent. manganese will be sought for making special castings on 
account of their high manganese-content. 

The founder, in glancing over the analyses presented by the agents 
of the various pig-iron manufacturers, will at once remove from all con- 
sideration those furnaces which make iron too high or too low-in phos- 
phorous, or too high in manganese for his use and his selection will be 
made from the rest according to the silicon and sulphur contents of the 
metal. 

Finally, as to the carbon, if anything, the foundryman reduces the 
quantity present in the pig-iron by the addition of scrap-steel in the 
melting-process. Therefore, but little attention is paid to the total 
carbon-content of American pig-irons, which is almost invariably present 
in proper proportion. For special castings, however, which require undue 
softness, a high percentage of total-carbon is sought, A pig-iron contain- 
ing a carbon-content below the normal arouses suspicion, and indicates 
that something has been wrong at the furnace. If an occasional specifica- 
tion is seen asking for a given percentage of total-carbon, it is probably 
necessary fora given purpose. On the other hand, a specification (and I 
have seen several) demanding more than a given minimum of graphite is 
an evidence of ignorance, and the furnaceman can only hope that some 
day the maker of a specification of this kind will learn more of foundry 
metallurgy and withdraw the useless and objectionable requirement. 

Taking up the second point of importance,—the oxidation of the 
metal,—the lengthy discussion of this subject which took place at the 
Atlantic City meeting showed that this expression was understood to be 
the absorption of oxygen from the blast, leaving it in the iron as occluded 
gas. This effect is not strictly that with which the foundryman has to 
_contend. He is troubled with an actual dissolved iron oxide, and knows 
' that no matter what melting-process he uses, the quantity of this objection- 
able constituent is sure to be increased at every melting. 

The steel man is comparatively free from this trouble, because he 
uses much higher temperatures, and simply adds ferromanganese to 
remove at once any oxidation products in the bath of metal. Suppose 
the blow of the converter were interrupted at a point where some silicon 
still remained in the metal, and the metal was then cast into molds, gases 
would be liberated and a weak product would result. 

After all, any foundry melting-process is similar to the converter 
process, excepting that the blast-pressure is less, the time of action 
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longer, and no attempt is made to refine the metal. The air-furnace with 
a top-blast used in the malleable-iron process is practically a converter 
with a top-blast, instead of one at the bottom or side. 

It is my belief that the difference in excellence between cold-blast 
charcoal-iron, warm-blast charcoal-iron, and hot-blast coke-iron, all of 
like composition, lies solely in the degree of freedom from oxidation of the 
metal as it flows from the furnace spout. Foundrymen instinctively 
realize this effect, and in making special castings the utmost care is taken 
to get pig-irons which will yield castings of the best service qualities, the 
composition being constant. Even in the malleable-iron industry, no 
one who has to make ‘“‘specification-castings’’ (specially good work), 
would think of using straight Bessemer pig-iron for this purpose, even 
though the chemical composition meets the requirements. The selection 
will be ‘‘Bessemer malleable,’”’ or pig-irons with an analysis practically 
within the Bessemer limit for sulphur, and made of better quality, espe- 
cially with the aim to avoid weakness, which really means oxidation. I 
have repeatedly used oridnary ‘‘Bessemer”’ in making malleable castings, 
with the result that the tensile strength was much below the average. 
As a result of this experience, I used the pig-iron only from those blast- 
furnaces which look after these matters more closely and make a more 
satisfactory product. 4 

What the foundryman fears most, in using the open-hearth furnace 
for his work, is the occasional rising of pieces of the furnace-bottom which 
are saturated with burnt iron, and oxidation products. These pieces 
float on the surface of the bath of metal and gradually yield to it the iron 
oxide contained, with the result that the metal in the bath, though of 
proper chemical composition, loses its life as soon as tapped, and ‘“‘skulls” 
everything into which it flows. 

Foundrymen know that the pig-iron they use, be it as good as it can 
be made, is never improved in the melting. Even the best of them would 
be glad to do better work, if they knew how to do it. The most pressing 
need at present is the assurance that they are getting the best pig-iron 
that can be made for a given composition, and that the blast-furnaces also 
are trying continually to improve their work. If both foundryman and 
furnaceman will keep this improvement always in mind, there is nothing 
to fear for the future, and in time we may be able to correct irregularities 
which are now beyond our knowledge. 


j 
| 
: 
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PROPOSED STANDARD SPECIFICATIONS FOR CAST- 
IRON PIPE AND SPECIAL CASTINGS. 


DESCRIPTION OF PIPES. 


SECTION 1. The pipes shall be made with hub and spigot 
joints, and shall accurately conform to the dimensions given in 
Tables Nos. 1 and 2. They shall be straight and shall be true 
circles in section, with their inner and outer surfaces concentric, 
and shall be of the specified dimensions in outside diameter. 
They shall be at least 12 feet in length, exclusive of socket. For 
pipes of each size from 4-inch to 24-inch, inclusive, there shall be 
two standards of outside diameter, and for pipes from 30-inch 
to 60-inch, inclusive, there shall be four standards of outside 
diameter, as shown by Table No. 2. 

All pipes having the same outside diameter shall have the 
same inside diameter at both ends. The inside diameter of the 
lighter pipes of each standard outside diameter shall be gradually 
increased for a distance of about 6 inches from each end of the 
pipe so as to obtain the required standard thickness and weight 
for each size and class of pipe. 

Pipes whose standard thickness and weight are intermediate 
between the classes in Table No. 2 shall be made of the same out- 
side diameter as the next heavier class. Pipes whose standard 
thickness and weight are less than shown by Table No. 2 shall 
be made of the same outside diameter as the Class A pipes, and 
pipes whose thickness and weight are more than shown by Table 
No. 2 shall be made of the same outside diameter as the Class D 
' pipes. 
For pipes 4-inch to 12-inch, inclusive, one class of special 
castings shall be furnished, made from Class D pattern. Those 
having spigot ends shall have outside diameters of spigot ends 
midway between the two standards of outside diameter as shown 
by Table No. 2, and shall be tapered back for a distance of 6 inches. 
For pipes from 14-inch to 24-inch, inclusive, two classes of special 
castings shall be furnished, Class B special castings with Classes 
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TasBLe No. 1—GENERAL DIMENSIONS OF PIPES. 


Actual | Diam. or Sockets. | Deprx or Sockets. 
Nominal Outside | SS Sg NES as ae 
Diam. | Classes.) Diam. 5, | Special | >, Special | A | B | C 
Inches. | Inches.! Pipe. | Castings Pipe. Castings | 
| Inches. | Inches. / 

| | Inches. | Inches. / 

j | 
4 A—B | 4.80| 5.60 5.70 3.50 4.00 1.5 | 1.30 .65 
4 C—D 5.00 5.80 | CH Cn ee eT 4.00 rs 3.30 | 65 
ona A—B 6.90 Hk a es 7.80 | 3.50 4.00 1.5 1.40 -7° 
6 | C—D 7.10 | 7.90 | 7.80 | 3.50 4.00 . 1.5 1.40 -7° 
8 | | 9.05 9.85 | 10.00 | 4,00 4.00 ) 3.5 1.50 -75 
8 | C—D| 9.30); 10.10 | 10.00 4.00 4.00 1.5 1.50 75 
xo. | A—B Ir.10 | xrr90 | 42.30 | 4.00 4.00 | m5 | x50 “75 
1° | C—D Ir.40 12.20 12.10 4.00 4.00 r.S | anGe7 80 
12 | A—B | 13.20 | 14.00 14.20 | 4.00 4.00 1.5 1.60 80 
12 C—D 13.50 14.30 14.20 4.00 4.00 2S I.70 85 
14 A—B 15.30 | 36.10 16.10 4.00 4.00 rein r.70 85 
14 Cc—p | 15.65 | 16.45} 16.45 | 4.00 4.00 1.5 1.80 «9° 
16 A—B 17.40 18.40 | 18.40 | 4.00 4.00 r.75 1.80 | .90 
cco 17.80 | 18.80 18.80 4.00 4.00 1.75 1.90 | 1,00 
x8 A—B | 10.50 20,50 20.50 4.00 4.00 1.75 | 2.90} .05 
18 | C—D 19.92 20.92 20.92 | 4.00 4.00 1.75 | 2.10 1.05 
20 A—B 21.60 22.60 22.60 4.00 400 1.75 2.00 roo 
a0) C—D | 22.06 | 23.06 23.06 4,00 400 1.75}. 3S [ozs 
24 | A—B 25.80 | 26.80 26.80 4.00 4.00 2.00 2.10 105 
a4 | C—D} 26.32 | 27.32 27.32 4.00 4.00 2.00 | 2.50 / 335s 
S08 Uh TAS 31.74| 32.74 | 32.74 4.50 4.50 2,00 +) 2.50 | 13S 
er Peasy = 32.00 | 33.00 33.00 4.50 4.50 2.00 | 2.30 | xg 
B50 Ile 3G 32.40 | 33.40 33.40 4.50 4.50 2,00 | 2.60 | 3.32 
30's ilewD 32.74 | 33-74 | 33.74 4.50 4.50 2.00 | 3.00 | 1.50 
36 A | 37-96 | 38.06 | 38.96 4.50 4.50 2.00 | 2.50 | x25 
36 | B 38.30 | 39.30 39.30 4.50 | 4.50 2.00 | 2.80) 140 
36 Cc 38.70 | 39.70 | 39.70 4.50 4.50 2,00 | 3.10 | 1.60 
36 D 39-16 40.16 | 40.16 4.50 4.50 2.00 3,40 | 31.80 
42 A 44.20 45.20 | 45.20 5.00 5.00 6| 2.00 | 2.80] 2.40 
gain) 5 44.50 | 45.50 45.50 5.00 5.00 2.00 | 3.00 | 1.50 
42 Cc 45.10 | 46.10 | 46.10 ; §.00 5.00 2.00 | 3.40 / 1.75 
42 D 45.58 46.58 | 46.58 5.00 5.00 2,00 3.80 1.95 
48 we 50.50 | 51.50 51.50 5.00 500 2.00 | 3.00] 1.50 


SPECIFICATIONS FOR Cast-IRON Piper. 50 


Taste No, 1.—Continued. 


Actual DIAM, oF Socxers. Dspra or Sockets, 


Nominal Outside 
Diam. Classes. Diam, ; Special . Special | A B c 
Inches, Inches. ates Castings. si ore Castings, 
Inches, | Inches, 
| Inches, Inches, 

48 B 50.80 sx.80 51.80 3.00 §,00 2.00 3.39 | 2.65 
48 Cc sr.40 $2.40 52.40 5.00 §,00 2,00 3.80 1.08 
48 D sr.oS $2.08 s2.08 §.00 5,00 2,00 | 4.20 2,20 
S4 A 56.66 57.66 37.66 S50 5.50 | &2a5 | 3.20 x.60 
$4 B 57.10 58.10 58.10 3.50 §.§0 le 25 3.60 | x80 
S4 Cc $7.80 | 58.80 s8.S8o0 5.50 5.50 225 | 4.00 | ars 
S4 D s8.4o 59.40 59.40 S50 $50 2.25 | 4.40 | 245 
60 A 62,80 63.80 | 63.80 5.50 s.50 2.25 3.40 | KIO 
60 B 63.40 64.40 64.40 5.50 5.50 2.25 $70 | 2.90 
60 Cc 64.20 65.20 65.20 | 5.50 5.50 2.25 | 4.20 / 2.25 
6o D 64.82 65.82 65.82 5.50 5.50 2.25 4.70 | 2.60 


A and B pipes, and Class D special castings with Classes C and 
D pipes, the former to be stamped “AB” and the latter to be 
stamped “CD.” For pipes 30-inch to 60-inch, inclusive, four 
classes of special castings shall be furnished, one for each class 
of pipe, and shall be stamped with the letter of the class to which 
they belong. 


ALLOWABLE VARIATION IN DIAMETER OF PIPES AND 
SOCKETS. 


SEcTION 2. Especial care shall be taken to have the sockets 
of the required size. The sockets and spigots will be tested by 
circular gauges, and no pipe will be received which is defective in 
joint room from any cause. The diameters of the sockets and 
the outside diameters of the bead ends of the pipes shall not vary 
from the standard dimensions by more than .o6 of an inch for 
pipes 16 inches or less in diameter; .o8 of an inch for 18-inch, 
20-inch and 24-inch pipes; .10 of an inch for 30-inch, 36-inch and 
42-inch pipes; .12 of an inch for 48-inch, and .15 of an inch for 
54-inch and 60-inch pipes. 


ALLOWABLE VARIATION IN THICKNESS. 


‘SECTION 3. For pipes whose standard thickness is less than 
t inch the thickness of metal in the body of the pipe shall not be 
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more than .o8 of an inch less than the standard thickness, and 
for pipes whose standard thickness is 1 inch or more, the varia- 
tion shall not exceed .10 of an inch, except that for spaces not 
exceeding 8 inches in length in any direction, variations from the 
standard thickness of .o2 of an inch in excess of the allowance 
above given shall be permitted. 

For special castings of standard patterns a variation of 50 
per cent. greater than allowed for straight pipe shall be permitted. 


DEFECTIVE Spicots May BE Cut. 


SECTION 4. Defective spigot ends on pipes 12 inches or more 
in diameter may be cut off in a lathe and a half-round wrought- 
iron band shrunk into a groove cut in the end of the pipe. Not 
more than 12 per cent of the total number of accepted pipes of 
each size shall be cut and banded, and no pipe shall be banded 
which is less than 11 feet in length, exclusive of the socket. 

In case the length of a pipe differs from 12 feet, the standard 
weight of the pipe given in Table No. 2 shall be modified in accord- 
ance therewith. 


SPECIAL CASTINGS. 


SECTION 5. All special castings shall be made in accordance 
with the cuts and the dimensions given in the table forming a part 
of these specifications. 

The diameters of the sockets and the external diameters 
of the bead ends of the special castings shall not vary from the 
standard dimensions by more than .12 of an inch for castings 16 
inches or less in diameter; .1 5 of an inch for 18-inch, 20-inch and 
24-inch; .20 of an inch for 30-inch, 36-inch and 42-inch, and .24 
of an inch for 48-inch, 54-inch and 60-inch. These variations 
apply only to special castings made from standard patterns. 

The flanges on all manhole castings and manhole covers 
shall be faced true and smooth, and drilled to receive bolts of the 
sizes given in the tables. The manufacturer shall furnish and 
deliver all bolts for bolting on the manhole covers, the bolts to be 
of the sizes shown on plans and made of the best quality of mild 
steel, with hexagonal heads and nuts and sound, well-fitting threads. 
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MARKING. 


SECTION 6. Every pipe and special casting shall have dis- 
tinctly cast upon it the initials of the maker’s name. When cast 
especially to order, each pipe and special casting larger than 
4-inch may also have cast upon it figures showing the year in which 
it was cast and a number signifying the order in point of time in 
which it was cast, the figures denoting the year being above and 
the number below, thus: 


TQOL TI9go1 IQOTt 


I 2 3 


etc., also any initials, not exceeding four, which may be required 
by the purchaser. The letters and figures shall be cast on the 
outside and shall be not less than 2 inches in length and ¢ of an 
inch in relief for pipes 8 inches in diameter and larger. For 
smaller sizes of pipes the letters may be 1 inch in length. The 
weight and the class letter shall be conspicuously painted in white 
on the inside of each pipe and special casting after the coating 
has become hard. 


ALLOWABLE PERCENTAGE OF VARIATION IN WEIGHT. 


SEcTION 7. No pipe shall be accepted the weight of which 
shall be less than the standard weight by more than 5 per cent 
for pipes 16 inches or less in diameter, and 4 per cent for pipes 
more than 16 inches in diameter, and no excess above the standard 
weight of more than the given percentages for the several sizes 
shall be paid for... The total weight to be paid for shall not exceed 
for each size and class of pipe received the sum of the standard 
weights of the same number of pieces of the given size and class 
by more than 2 per cent. 

No special casting shall be accepted the weight of which shall 
be less than the standard weight by more than 1o per cent for 
pipes 12 inches or less in diameter, and 8 per cent for larger 
sizes, except that curves, Y pieces and breeches pipe may be 12 
per cent below the standard weight, and no excess above the 
standard weight of more than the above percentages for the 
several sizes will be paid for. These variations apply only to 
castings made from the standard patterns. 
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Quauiry or IRON, 


Section 8. All pipes and special castings shall be made of 
cast iron of good quality, and of such character as shall make the 
metal of the castings strong, tough and of even grain, and _ soft 
enough to satisfactorily admit of drilling and cutting. ‘The metal 
shall be made without any admixture of cinder iron or other inferior 
metal, and shall be remelted in a cupola or air furnace. 


Tests or MATERIAL, 

SECTION 9. Specimen bars of the metal used, each being 26 
inches long by 2 inches wide and 1 inch thick, shall be made with- 
out charge as often as the engineer may direct, and, in default of 
definite instructions, the contractor shall make and test at least one 
bar from each heat or run of metal. ‘The bars, when placed flat- 
wise upon supports 24 inches apart and loaded in the center, 
shall for pipes 12 inches or less in diameter support a load of 1,900 
pounds and show a deflection of not less than .30 of an inch before 
breaking, and for pipes of sizes larger than 12 inches shall support 
a load of 2,000 pounds and show a deflection of not less than .32 
ofan inch. The contractor shall have the right to make and break 
three bars from each heat or run of metal, and the test shall 
be based upon the average results of the three bars. Should 
the dimensions of the bars differ from those above given, a proper 
allowance therefor shall be made in the results of the tests. 


CASTING OF Prprs. 

Secrion ro, The straight pipes shall be cast in dry sand 

molds in a vertical position. Pipes 16 inches or less in diameter 
shall be cast with the hub end up or down, as specified in the pro- 
posal. Pipes 18 inches or more in diameter shall be cast with 
the hub end down. 
. The pipes shall not be stripped or taken from the pit while 
‘showing color of heat, but shall be left in the flasks for a sufficient 
length of time to prevent unequal contraction by subsequent 
exposure. 


QuALity oF CASTINGS. 


Secrion 11. ‘The pipes and special castings shall be smooth, 
free from scales, lumps, blisters, sand holes and defects of every 
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nature which unfit them for the use for which they are intended. 
No plugging or filling will be allowed. 


CLEANING AND INSPECTION. 


SECTION 12. All. pipes and special castings shall be thor- 
oughly cleaned and subjected to a careful hammer inspection. 
No casting shall be coated unless entirely clean and free from rust, 
and approved in these respects by the engineer immediately 
before being dipped. 


COATING. 


SECTION 13. Every pipe and special casting shall be coated 
inside and out with coal-tar pitch varnish. The varnish shall be 
made from coal tar. To this material sufficient oil shall be added 
to make a smooth coating, tough and tenacious when cold, and 
not brittle nor with any tendency to scale off. 

Each casting shall be heated to a temperature of 300° F, 
immediately before it is dipped, and shall possess not less than 
this temperature at the time it is put in the vat. The ovens in 
which the pipes are heated shall be so arranged that all portions 
of the pipe shall be heated to an even temperature, Each casting 
shall remain in the bath at least five minutes. 


The varnish shall be heated to a temperature of 300° F. (or — 


less if the engineer shall so order), and shall be maintained at 
this temperature during the time the casting is immersed. 

Fresh pitch and oil shall be added when necessary to keep 
the mixture at the proper consistency, and the vat shall be emptied 
of its contents and refilled with fresh pitch when deemed necessary 
by the engineer. After being coated the pipes shall be carefully 
drained of the surplus varnish. Any pipe or special casting that 
is to be recoated shall first be thoroughly scraped and cleaned. 


Hyprostraric Trs. 


SECTION 14. When the coating has become hard, the straight 
pipes shall be subjected to a proof by hydrostatic pressure and, 
if required by the engineer, they shall also be subjected to a 
hammer test under this pressure. 
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The pressure to which the different sizes and classes of pipes 
shall be subjected are as follows: 
| 20-Inch Diameter | Less than 20-Inch 


and Larger. Diameter. 
| Pounds per Sq. In, | Pounds per Sq. In, 
| { 


RPLASSUAID IDE Pre hilton) s Getsly seals alee oh 150 300 
BE ASSES CPUC ila misuse iia, aeatonte cpeneue’ Gnas | 200 300 
RUSS E I DC yrmilc “isis ash: sctette ives «ate 250 300 
RIAs yD WP IDC isan cvetere eheaasvalé pee ahtioar crass | 300 300 


WEIGHING. 


SECTION 15. The pipes and special castings shall be weighed 
for payment under the supervision of the engineer after the appli- 
cation of the coal-tar pitch varnish. If desired by the engineer, 
the pipes and special castings shall be weighed after their delivery 
and the weights so ascertained shall be used in the final settlement, 
provided such weighing is done by a legalized weighmaster. 
Bids shall be submitted and a final settlement made up on the 
basis of a ton of 2,000 pounds. 


CONTRACTOR TO FURNISH MEN AND MATERIALS. 


Section 16. The contractor shall provide all tools, testing 
machines, materials and men necessary for the required testing, 
inspection and weighing at the foundry of the pipes and special 
castings; and, should the purchaser have no inspector at the works, 
the contractor shall, if required by the engineer, furnish a sworn 
statement that all of the tests have been made as specified, this 
statement to contain the results of the tests upon the test bars. 


POWER OF ENGINEER TO INSPECT. 


SECTION 17. The engineer shall be at liberty at all times to 
inspect the material at the foundry, and the molding, casting and 
coating of the pipes and special castings. The forms, sizes, uni- 
formity and conditions of all pipes and other castings herein 
referred to shall be subject to his inspection and approval, and he 
may reject, without proving, any pipes or other casting which is 
not in conformity with the specifications or drawings. 

5 
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INSPECTOR TO REPOR‘. 


Section 18. ‘The inspector at the foundry shall report 
daily to the foundry office all pipes and special castings rejected, 
with the causes for rejection. 


CASTINGS TO BE DELIVERED SOUND AND PERFECT. 


SEcTION -tg. All the pipes and other castings must be 
delivered in all respects sound and conformable to these specifica- 
tions. The inspection shall not relieve the contractor of any of 
his obligations in this respect, and any defective pipe or other 
castings which may have passed the engineer at the works or 
elsewhere shall be at all times liable to rejection when discovered 
until the final completion and adjustment of the contract, pro- 
vided, however, that the contractor shall not be held liable for 
pipes or special castings found to be cracked after they have been 
accepted at the agreed point of delivery. Care shall be taken in 
handling the pipes not to injure the coating, and no pipes or other 
material of any kind shall be placed in the pipes during trans- 
portation or at any time after they receive the coating. 


DEFINITION OF THE WorD “ ENGINEER.” 


SECTION 20. Wherever the word “engineer” is used herein 
it shall be understood to refer to the engineer or inspector acting 
for the purchaser and to his properly authorized agents, limited 
by the particular duties intrusted to them. 


DISCUSSION. 


WALTER Woop.—These specifications are largely the out- Mr Wood. 
growth of a practice running through fully forty-five years, hence 
they contain certain points which might well be eliminated if we 
were making them entirely new. But when the manufacturers 
took them up with the water-works engineers, they found a 
conservatism about changing a phraseology that had been in use 
so long concerning certain features not observed in present practice. 

Two or three such points were brought up at the meeting of 
the American Institute of Mining Engineers at which these speci- 
fications were submitted for discussion. 

First. The period the casting should remain in the coating 
bath. These specifications are distinctly different from practice 
in that respect. It is thoroughly within the knowledge of all 
engineers and manufacturers, that although specifications call 
for the casting to remain in the bath at least five minutes, the 
practice is to make the period very much shorter,—not more than 
two or three minutes, and yet the old language is repeated in these 
specifications. 

Second. The question of casting the pipe head up or head 

down. This also is settled practically by the purchaser having 
pipe of a certain diameter cast one way and of another diameter 
another way. ‘This is one of the questions the foundrymen would 
like to have settled on more definite lines, but the men who buy 
the castings hesitate to make the change. 
_ Third. The question of uniform outside diameter for all 
“classes’’ of pipe was considered an important one, in order that 
one class of fittings might be applicable to the different weights of 
the same diameter of pipe. When the question was worked out 
on mechanical lines, the sizes of the pipe and the different 
thicknesses were adjusted as shown in the specifications as being 
the most practical solution so that the castings up to 12 inches 
(inclusive) in diameter should have one class of fittings. 

I think it is evident that for, say, 3-foot pipe it would be im- 


Mr. Wood. 


Mr. Lanza. 


Mr Wood 


Mr. Kent. 


Mr. Wood. 
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practicable to use a uniform outside diameter for all classes. We, 
therefore, divided the fittings for larger sizes into four classes, 
according to the thickness of the pipe. 

The proposed specifications are largely the result of con- 
ferences between the New England Water Works Association and 
the manufacturers who have worked over them for about eighteen 
months. 

G. Lanza.—In the larger pipes the variation of thickness 
is limited to about 10 per cent., whereas in some of the smaller 
ones nearly 20 per cent. is allowed. 

Mr. Woop.—I think it is only fair to have it understood that 
these variations of thickness are largely governed by the mode of 
manufacture. Cast iron pipe is the cheapest form of iron produc- 
tion except pig iron and the manufacture has to be carried on in 
a way which requires a somewhat wider variation than perhaps 
theoretically we should wish to allow. 

It is found that purchasers prefer somewhat wider limits in 
order to secure lower prices. With regard to weights, the engineers 
have taken care of that question by insisting that the total weight 
of the contract shall be within 2 per cent. of the standard, so that 
while the limits of each individual pipe are somewhat large, the 
total limit is very small. 

Wit1am Kenvt.—Is it the intention to have the actual inside 
diameter less than the nominal? 

Mr. Woop.—There are probably one or two instances in 
which the thickness of the pipe and the standard outside diameter 
brings the internal diameter a trifle below the standard, but there 
is but one case in which it runs up to o.1 inch with 4-inch pipe. 
It has been difficult to harmonize theoretical considerations and 
established practice. I think we succeeded very well in reducing 
the variation to only 0.1 inch. . 


On motion the specifications in the form proposed were 
referred to letter-ballot.* 


*These specifications were adopted by letter-ballot on November 
15, 1904.—ED. 


PROPOSED STANDARD SPECIFICATIONS FOR LOCO- 
MOTIVE CYLINDERS. 


Process OF MANUFACTURE. 


Locomotive cylinders shall be made from good quality of close- 
grained gray iron cast in a dry sand mold. 


CHEMICAL PROPERTIES. 


Drillings taken from test pieces cast as hereafter mentioned 
shall conform to the following limits in chemical composition: 
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PHYSICAL PROPERTIES. 


The minimum physical qualities for cylinder iron shall be as 
follows: 

The “Arbitration Test Bar,’ 1} inches in diameter, with 
supports 12 inches apart, shall have a transverse strength not less 
than 2,700 pounds, centrally applied, and a deflection not less than 
0.08 of an inch.* 


Test Precres AND MertHop oF TESTING. 


The standard test shall be 1} inches in diameter, about 14 
inches long, cast on end in dry sand. The drillings for analysis 
shall be taken from this test piece, but in case of rejection the 
manufacturer shall have option of analyzing drillings from the 
bore of the cylinder, upon which analysis the acceptance or rejec- 
tion of the cylinder shall be based. 

One test piece for each cylinder shall be required. 


*In the amended specifications, adopted by letter-ballot on Nov. 15, 
1904, the transverse strength is increased from 2,700 to 3,000 pounds, and 
the minimum deflection from 0.08 to 0.10 in. No other changes were 
made.—Ep. 
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CHARACTER OF CASTINGS. 


Castings shall be smooth, well cleaned, free from blowholes, 
shrinkage cracks or other defects, and must finish to blue-print 
size. 

Each cylinder shall have cast on each side of saddle manu- 
facturer’s mark, serial number, date made and mark showing order 
number. 


INSPECTOR. 


The Inspector representing the purchaser shall have all 
reasonable facilities afforded to him by the manufacturer to 
satisfy himself that the finished material is furnished in accord-— 
ance with these specifications. All tests and inspections shall 
be made at the place of the manufacturer. 


DISCUSSION. 


THE PRESIDENT.—Can any one inform us why a lower limit The President. 
of 1.25 per cent. was adopted for silicon? 
J. A. Kinxeap.—That limit was adopted because iron con- mr. Kinkead. 
taining less silicon, and therefore harder, is liable to fail in service 
by cracking. I think Mr. Diller has had experience with silicon 
running as low as 0.75 per cent. He wasonce connected with a 
foundry where low silicon caused a great deal of trouble and 
expense. 
T. D. West.—At one time that firm had a great deal of mr. West. 
‘trouble with shrinkage, and also with cracking, and I was called in 
to see if I could help them, I found they were using iron very low 
in silicon. In some tests it was as low as 0.60 per cent., the sulphur 
as high as 0.15 per cent., both giving what I considered too hard 
an iron. However, I believe the specifications are a little too high 
in silicon, and will make the metal too soft for a good-wearing 
cylinder. Of course, this depends partly on the thickness, but 
nevertheless I think that the silicon should be lowered at least 25 
points for the general run of cylinders. 
Mr. DitrerR.—With that low-silicon iron we had about 0.07 mr. pitter. 
to 0.08 per cent. sulphur, and with higher silicon and higher sul- 
phur, we got about the same results. When using higher sulphur 
iron, we tried for 1.25 per cent. silicon. 
_ Tue Prestpent.—Most of the cylinders cast at Altoona The President. 
show about 1.50 per cent. of silicon. If we had made this specifica- 
tion, we would have placed the silicon at from 1.00 to 1.75 per 
cent. 
Wa. Kent.—Why was the limit for phosphorus placed at 0.9 mr. Kent. 
per cent. 
Mr. KinxkEAD—Phosphorus is used by the foundryman to mr. Kinkead. 
control shrinkage to a great extent although the less phosphorus, 
the more strength. It was thought that 0.9 per ‘cent. was about 
the right limit, the iron being too weak with higher phosphorus. 
There are many localities in which high phosphorus iron is about 
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all one can get. In Canada the irons run from 1.0 to 1.5 per cent. 
phosphorus and such iron is liable to be weak in transverse strength 
—not brittle, but weak. Cylinder walls average about 14 inches 
thick, and if the phosphorus is high, the metal is too weak. 

RicHARD MoLpENKE.—TIn regard to the “Arbitration Test 
Bar,’ knowing what is going on in the foundry world, I can say 
that there is no such thing as a test-bar in general use. Mr. Keep 
claims that the 1 inch square bar is. You will find it in some 
shops, and then again, you will find the 1 by 2 inch bar. Others 
have round bars of various diameters, and still some others a 
hexagon bar. I rather think we are American enough to stand 
on our feet, and when we know what is good to take, to take it, 
regardless of what might have been the leanings of others who 
were on ahead. The American tendency at the present time is 
to give the iron in the bars the best chance for uniformity of struc- 
ture and casting conditions. We can thus at once eliminate a 
lot of sizes and shapes, and by combining the theoretically proper 
conditions with commercial requirements, we will arrive at just 
what the Committee did when adopting the ‘‘Arbitration Bar’’ 
as it is now proposed. 

Mr. KInNKEAD.—Mr. Keep made a statement in a recent 
article in regard to this test-bar, exactly contrary to Mr. Moldenke. 
He called it an abortion cast-iron test, saying the gases which 
accumulate cannot get up through the iron resulting in blow holes 
in the bar. He defends a test-bar cast on the flat instead of on 
the end, as dirt in the iron will rise to the top of the bar and not 
particularly influence the transverse test. 

James Curistie.—We have for many years required and 
obtained 0.15 inch deflection for a one inch square test-bar 12 
inches between supports. For the metal under consideration I 
think 0.08 inch is too low, probably o.12 inch would be low enough. 

Mr. KinKEAD.—I feel that I owe an apology. We drew up 
the specifications, and my own facilities for measuring deflections 
were rather crude. Since that time I have made quite a number 
of tests on this bar and find the deflections greater than called for 
by the specification. 

F. O. Bunneti.—In view of the remarks of Mr. Kinkead 
relative to the uncertainty connected with certain requirements 
of the specifications, I shall like to ask if it would not be well to 
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refer them back to the committee for further inv estigation with a mr, Banna 
| view of getting these physical requirements on a more positive + 
basis? . a 


The motion was made and carried that these specifications 
be referred back to the committee, and that the Executive Com- 
mittee be empowered to submit the amended specifications to 
Micttes-ballot * 


_ 


*The amended specifications were adopted by letter-ballot Noyem- 
ber rs, to04, The amendments are indicated in a foot-note, p. 69.—Ep. 
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PROPOSED STANDARD SPECIFICATIONS FOR CAST- 
IRON CAR WHEELS. 


The wheels furnished under this specification must be made 
from the best materials, and in accordance with the best foundry 
methods. The following pattern analysis is given for information, 
as representing the chemistry of a good cast-iron wheel. Success- 
ful wheels, varying in some of the constituents quite considerably 
from the figures given, may be made: 
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1. Wheels will be inspected and tested at the place of manu- . 
facture. 

2. All wheels must conform in general design and in measure- — 
ments to drawings, which will be furnished, and any departure | 
from the standard drawing must be by special permission in 
writing, and manufacturers wishing to deviate from the standard | 
dimensions must submit duplicate drawings showing the pro- 
posed changes, which must be approved. 


3. The following table gives data as to weight and tests of | 
various kinds of wheels for different kinds of cars and service: 


(EEE Ro Ae ae 33-inch diameter Frgt. and Pass. cars 36-inch diameter. 
60,000 Ibs. | 0,000 Ibs.) | 100,000 Ibs. . Passenger Locesiasea 
Kind of service........ | capacity | iplnie hers Seas ae “| oa 3 
Presid Tecu! capacity capacity Cars. ; ‘enders. q 
Number ors i 2 3 4 j 5 ; 
|Maximum..... s9o0lbs. | 6solbs. | 720lbs. | 705 Ibs. | 760 Ibs. | 
1.6 ———— 
|Minimum..... 560 Ibs. 610 Ibs. 670 Ibs. | 680 Ibs. 720 Ibs. 


Height of drop, ft...... 


Number of blows ...... 
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4. Each wheel must have plainly cast on the outside plate 
the name of the maker and place of manufacture. Each wheel 
must also have cast on the inside double plate the date of casting 
and a serial foundry number. The manufacturer must also pro- 
vide for the guarantee mark, if so required by the contract. No 
wheel bearing a duplicate number, or a number which has once 
been passed upon, will be considered. Numbers of wheels once 
rejected will remain unfilled. No wheel bearing an indistinct 
number or date, or any evidence of an aliered or defaced number 
will be considered. 

5. All wheels offered for inspection must have been meas- 
ured with a standard tape measure and must have the shrinkage 
number stenciled in plain figures on the inside of the wheel. The 
standard tape measure must correspond in form and construc- 
tion to the ‘‘Wheel Circumference Measure” established by the 
Master Car Builders’ Association in 1900. ‘The nomenclature of 
that measure need not, however, be followed, it being sufficient 
if the graduating marks indicating tape sizes are one-eighth of 
an inch apart. Any convenient method of showing the shrinkage 
or stencil number may be employed. Experience shows that 
standard tape measures elongate a little with use, and it is essential 
to have them frequently compared and rectified. When ready 
for inspection, the wheels must be arranged in rows according 
to shrinkage numbers, all wheels of the same date being grouped 
together. Wheels bearing dates more than thirty days prior to 
the date of inspection will not be accepted for test, except by 
permission. For any single inspection and test only wheels having 
three consecutive shrinkage or stencil numbers will be considered. 
The manufacturer will, of course, decide what three shrinkage 
or stencil numbers he will submit in any given lot of to3 wheels 
offered, and the same three shrinkage or stencil numbers need 
not be offered each time. 

6. The body of the wheels must be smooth and free from 
slag and blowholes, and the hubs must be solid. Wheels will not 
be rejected because of drawing around the center core. The 
tread and throat of the wheels must be smooth, free from deep 
and irregular wrinkles, slag, sand wash, chill cracks or swollen 
rims, and be free from any evidence of hollow rims, and the 
throat and thread must be practically free from sweat. 


76 SPECIFICATIONS FOR Cast-IRonN Car WHEELS. 


7. Wheels tested must show soft, clean, gray iron, free from 
defects, such as holes containing slag or dirt more than one- 
quarter of an inch in diameter, or clusters of such holes, honey- 
combing of iron in the hub, white iron in the plates or hub, or 
clear white iron around the anchors of chaplets at a greater dis- 
tance than one-half of an inch in any direction. The depth of 
the clear white iron must not exceed seven-eighths of an inch at 
the throat and one inch at the middle of the tread, nor must it 
be less than three-eighths of an inch at the throat or any part of the 
tread. The blending of the white iron with the gray iron behind 
must be without any distinct line of demarcation, and the iron must 
not have a mottled appearance in any part of the wheel at a greater 
distance than one and five-eighths inches from the tread or throat. 
The depth of chill will be determined by inspection of the three 
test wheels described below, all test wheels being broken for this 
purpose, if necessary. If one only of the three test wheels fails 
in limits of chill, all the lot under test of the same shrinkage or 
stencil number will be rejected and the test will be regarded as 
finished so far as this lot of 103 wheels is concerned. The manu- 
facturer may, however, offer the wheels of the other two shrinkage 
or stencil numbers, provided they are acceptable in other respects 
as constituents of another 103 wheels for a subsequent test. If 
two of the three test wheels fail in limits of chill, the wheels in the 
lot of 103 of the same shrinkage or stencil number as these two 
wheels will be rejected, and, as before, the test will be regarded as 
finished so far as this lot of 103 wheels is concerned. The manu- 
facturer may, however, offer the wheels of the third shrinkage or 
stencil number, provided they are acceptable in other respects, as 
constituents of another 103 wheels for a subsequent test. If all 
three test wheels fail in limits of chill, of course the whole hundred 
will be rejected. 

8. The manufacturer must notify when he is ready to ship 
not less than roo wheels; must await the arrival of the Inspector; 
must have a car, or cars, ready to be loaded with the wheels, 
and must furnish facilities and labor to enable the Inspector to 
inspect, test, load and ship the wheels promptly. Wheels offered 
for inspection must not be covered with any substance which will 
hide defects. 

g. A hundred or more wheels being ready for test, the Inspec- 
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tor will make a list of the wheel numbers, at the same time examin- 
ing each wheel for defects. Any wheels which fail to conform 
to specifications by reason of defects must be laid aside, and such 
wheels will not be accepted for shipment. As individual wheels 
are rejected, others of the proper shrinkage, or stencil number, 
may be offered to keep the number good. 

10. The Inspector will retape not less than 10 per cent of 
the wheels offered for test, and if he finds any showing wrong 
tape-marking, he will tape the whole lot and require them to be 
restenciled, at the same time having the old stencil marks oblit- 
erated. He will weigh and make check measurements of at least 
Io per cent of the wheels offered for test, and if any of these 
wheels fail to conform to the specification, he will weigh and 
measure the whole lot, refusing to accept for shipment any wheels 
which fail in these respects. 

11. Experience indicates that wheels with higher shrinkage 
or lower stencil numbers are more apt to fail on thermal test; 
more apt to fail on drop test, and more apt to exceed the maximum 
allowable chill than those with higher stencil or lower shrinkage 
numbers; while, on the other hand, wheels with higher stencil or 
lower shrinkage numbers are more apt to be deficient in chill. 
For each 103 wheels apparently acceptable, the Inspector will 
select three wheels for test—one from each of the three shrinkage 
or stencil numbers offered. One of these wheels chosen for this 
purpose by the Inspector must be tested by drop test as follows: 
The wheel must be placed flange downward in an anvil block 
weighing not less than 1,700 pounds, set on rubble masonry two 
feet deep and having three supports not more than five inches 
wide for the flange of the wheel to rest on. It must be struck 
centrally upon the hub by a weight of 140 pounds, falling from a 
height as shown in the table on page 16. The end of the falling 
| weight must be flat, so as to strike fairly on the hub, and when by 
wear the bottom of the weight assumes a round or conical form, 
it must be replaced. The machine for making this test is shown 
on drawings which will be furnished. Should the wheels stands 
without breaking in two or more pieces, the number of blow, 
shown in the above table, the one hundred wheels represented by 
it will be considered satisfactory as to this test. Should it fail, the 
whole hundred will be rejected. 
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12. The other two test wheels must be tested as follows: The 
wheels must be laid flange down in the sand, and a channelway 
one and one-hlf inches in width at the center of the tread and 
four inches deep must be molded with green sand around the 
wheel. The clean tread of the wheel must form one side of this. 
channelway, and the clean flange must form as much of the bottom 
as its width will cover. The channelway must then be filled to 
the top from one ladle with molten cast iron, which must be 
poured directly into the channelway without previous cooling or 
stirring, and this iron must be so hot, when poured, that the ring 
which is formed when the metal is cold shall be solid or free from 
wrinkles or layers. Iron at this temperature will usually cut a 
hole at the point of impact with the flange. In order to avoid 
spitting during the pouring, the tread and inside of the flange 
during the thermal test should be covered with a coat of shellac; 
wheels which are wet or which have been exposed to snow or 
frost may be warmed sufficiently to dry them or remove the frost 
before testing, but under no circumstances must the thermal test 
be applied to a wheel that in any part feels warm to the hand. 
The time when pouring ceases must be noted, and two minutes: 
later an examination of the wheel under test must be made. If 
the wheel is found broken in pieces, or if any crack in the plates 
extends through or into the tread, the test wheel will be regarded 
as having failed. If both wheels stand, the whole hundred will 
be accepted as to this test. If both fail, the whole hundred wilk 
be rejected. If one only of the thermal test wheels fails, all of 
the lot under test of the same shrinkage or stencil number will be 
rejected, and the test will be regarded as finished, so far as this 
lot of wheels is concerned. The manufacturer may, however, 
offer the wheels of the other two shrinkage or stencil numbers, 
provided they are acceptable in other respects, as constituents of 
another 103 wheels for a subsequent test. 

13. All wheels which pass inspection and test will be regarded 
as accepted, and may be either shipped or stored for future ship- 
ment, as arranged. It is desired that shipments should be, as 
far as possible, in lots of 100 wheels. In all cases the Inspector 
must witness the shipment, and he must give, in his report, the 
numbers of all wheels inspected and the disposition made of them. 

14. Individual wheels will be considered to have failed and 
will not be accepted or further considered, which, 
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First. Do not conform to standard design and measurement. 

Second. Are under or over weight. 

Third. Have the physical defects described in Section 6. 

15. Each 103 wheels submitted for test will be considered 
to have failed and will not be accepted or considered further, if, 

First. ‘The test wheels do not conform to Section 7, especially 
as to limits of white iron in the throat and tread and around 
chaplets. 

Second. One of the test wheels does not stand the drop test 
as described in Section 11. 

Third. Both of the two test wheels do not stand the thermal 
test as described in Section 12. 


The President. 


DISCUSSION. 


THE PRESIDENT.—I may say that when these specifications 
were discussed at the recent meeting of the American Institute of 
Mining Engineers, as Chairman of the sub-committee by whom 
these specifications were prepared, I offered an explanatory state- 
ment as follows: 


It is evident that, as the size and weight of cars have increased, 
the demands on the cast-iron car-wheel have become more and more 
severe. Fortunately, the factor of safety in the cast-iron wheel as 
originally made was so large, that it is only as the sizes of freight-cars 
began to reach a capacity of from 80,000 to 100,000 lbs. that the 
question of wheels began to give some anxiety. A moment’s thought 
will show that, as freight- and passenger-cars have increased in weight 
and size, much more severe duty is required of the same eight wheels than 
was formerly the case; in other words, although the cars have increased 
from a capacity of 15 tons to 50 tons each, the number of wheels under a 
car has not been increased, at least to any general extent. It is true, 
some cars have been equipped with 12 wheels, but this is not the rule. 

As is stated above, the duty which the wheel must perform has 
become much more severe, and although the wheel was clearly able to 
stand some increase, it is evident there must be a limit somewhere which 
cannot be exceeded. Meanwhile, it is the part of wisdom to make better 
wheels, if possible, and accordingly no little study is now being devoted. 
to the requirements for cast-iron car-wheels, and modifications are being 
made both in increasing the weight of the wheel and in improving the 
quality of the metal of which it is made. 

This desire to improve the quality of the wheel has led to the prepara- 
tion of specifications for its manufacture, and within the last 15 years a 
more rigid scrutiny of the wheel is characteristic of the purchaser, with a 
corresponding effort on the part of the manufacturer to meet the special 
requirements. 

The specifications for cast-iron car-wheels, submitted by a sub- 
committee of the American Society for Testing Materials, is believed to 
embody the best information so far as is known on the subject, although 
of course there are some differences of opinion upon various points. The 
section in the specifications devoted to the chemical composition of the 
cast-iron is given simply for guidance rather than for any special require- 
ment. 
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Sections I and II are self-explanatory. 

Section III gives the proposed weights of wheels for various services, 
, question concerning which there is a considerable difference of opinion. 
fhe manufacturers in general prefer a heavier wheel than those given in 
he specifications. It is obvious that the smaller the weight, the better 
nust be the quality of the metal in order to stand the samé strain; and 
t is natural, in view of the uncertainties of wheel manufacture, that 
nakers should desire to increase the weight as much as possible, for the 
eason that metal not quite as good, if there is more of it and it is properly 
lisposed, will give the requisite strength. 

Section IV needs no special remark. 

Section V is devoted to the subject of tape-sizes. No foundry is able 
o make its total output all of the same circumferential size, and experience 
as Shown that there is an intimate relation in any good foundry between 
atisfactory wheels and tape-sizes. 

There are several reasons why the output of a foundry varies in 
liameter or circumferential measurement. First, although the molds 
re supposed to be of the same size originally, as a matter of fact they are 
ot. Moreover, a mold which has been used a number of times is apt to 
lave been increased a little in diameter, as well as to have become worn a 
ittle. This cause for variation in tape-sizes is not a very serious matter, 
vecause efforts are usually made to keep the molds fairly uniform in size. 

Another cause for variation in size, is the temperature of pouring the 
netal; and it will be readily understood that greater shrinkage is char- 
cteri tic of metal cast at higher temperatures. Furthermore, a difference 
n chemical composition makes a difference in the shrinkage. However, 
he most important cause for variation in tape-size is the effect of the 
mnealing. It is well known that as fast as the wheels are taken out of 
nolds while they are still red-hot, they are put in annealing-pits con- 
aining 15 wheels or more. The annealing-pits are constructed of metal 
ubes lined with fire brick, the interstices between the pits being filled 
vith sand, the whole being arranged in order to allow the wheel to cool 
lowly. Generally the wheels remain in the pits for four days, during 
vhich time certain changes take place in the metal, and in most cases the 
ape-size of the wheel is increased. Experiment has indicated that a 
e-annealing, that is, putting a wheel into the pit a second time between a 
umber of freshly-cast hot wheels, will at times increase the tape-size two 
umbers. Furthermore, the wheels at the top and bottom of the pit do 
ot increase in size in the same proportion as do those in the middle of 
he pit. 

It is perhaps not necessary at this time to go into the changes which 
ake place in the annealing-pit, farther than ot say that those wheels 
rhich come out of the pit nearest to the size which they had when put 
ato the pit, or in other words, those wheels which are less annealed, are 
ound by experience to be most likely to fail on the drop-test, and are less 
kely to stand the thermal-test also. It will be seen, therefore, that there 
} a very intimate relation between tape-sizes and successful output, 
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which explains why so much reliance is placed on the tape-sizes. The 
wheel-circumference measure used by the Master Car Builders.’ Asso- 
ciation is a brass tape about an inch wide, having supports at different 
points, so that the wheel may be measured on the tread at the same dis- 
tance from the flange. 

There is a discrepancy in the wheel-making business, as to the manner 
in which tape-sizes shall be specified. The Master Car Builders’ Associa- 
tion has a nomenclature of ‘‘o”’ for a standard-size wheel, plus 1, 2 and 3, 
for wheels larger than the standard, and minus 1, 2, 3, for those smaller 
than the standard. Some works have an arbitrary nomenclature,—for 
instance, the Altoona wheel-foundry standard size is 120, but wheels of 
IIQ, I21, 122, 123, etc., are putin service. As stated in Section V, the 
nomenclature is immaterial, it being essential only that the different 
sizes shall differ from each other by one-eighth inch. 

The object of the clause, which requires that wheels not more than 
30 days old shall be submitted for the test, is that the date of the guarantee 
is taken from the date cast in the wheel, and if wheels remain two or three 
months before test, an unfair date of the guarantee is taken. 

The reason for considering only three sizes at one time will be dis- 
cussed later in this paper. 

Section VI, referring especially to the physical appearance, will be 
readily understood by any one familiar with foundry-work in manufactur- 
ing wheels. 

Section VII deals with the chill. It is well known that a cast-iron 
car-wheel is practically a gray-iron wheel having a tire, if it may be so 
called, of chilled iron. The chilled iron of the tire is brittle, extremely 
hard, and of not much value so far as strength is concerned. It is the 
gray iron that is relied upon for strength. Of course it is understood 
that the chilled iron is a part of the casting, the chill being formed by 
having that part of the mold, which is to produce the chill, made of metal, 
the rest of the mold being made of sand. In casting the wheels, if the 
iron is of the proper chemical composition, that part of it which touches 
the iron of the mold is instantly cooled and becomes white chilled iron, 
while the part which touches the sand in the mold becomes gray iron. 
As already explained the tape-size is an important element in the wheel, 
and in addition to strength and ability to stand the thermal-test, the chill 
likewise is a function of the tape-size. The lowest tape-size in any foundry 
will be apt to have the highest chill, and may fail on test from having 
too much chill,while the higher tape-sizes, which mean the greater circum- 
ference, have the least chill and may fail from having too little chill. 

The requirements of Section VII referring to rejections are not based 
on wide experience. It was formerly the custom to reject an entire lot 
of too wheels, if any of the test-wheels failed from any cause. This 
custom was considered a hardship by the manufacturers, and in view of 
the intimate relation between tape-sizes and successful wheels, there has 
been introduced into these specifications, the authority to reject out*o# 
each 100 wheels tested only the other wheels of the same tape-size as the 
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wheel which failed, thus allowing the other tape-sizes to come up again. The President. 
This has not been tried so far as is known, but those who have had most 

experience in wheel-manufacture and have done most work in testing the 

wheels see no reason why any greater risks should be incurred by the 

users in following this plan, than with the old plan of rejecting all of the 

hundred wheels for failure to stand test; at the same time it enables the 
manufacturers to produce a greater proportion of successful wheels. 

Sections VIII, IX and X are self-explanatory, and need no special 
remarks. 

Section XI concerns the drop-test. It will be noted that what has 
been said about tape-sizes permeates the whole specification, and that 
this is especially true with regard ts the drop-test and the thermal-test. 
As the specification is now drawn, each tape-size gets a test, either a drop 
or a thermal one. It was formerly the custom to allow four, five or 
possibly six tape-sizes in a hundred wheels, and to allow the inspector to 
choose the wheels for test arbitrarily. It is believed that the testing of 
each tape-size is a decided step forward in this matter; and if this 
practice is followed, not only will there be greater certainty of getting 
good wheels, but also, as the specification is drawn, less hardship will be 
put upon the manufacturer. 

It will be observed that only one of the three wheels is subjected to 
the drop-test. There is a large difference of opinion among wheel-makers 
and consumerts concerning the real value of the drop-test. Many con- 
sumers do not hesitate to say that they think the drop-test is of very 
little value, since it is so easy to strengthen the wheel at those points where 
xperience has shown them to fail under the drop-test, and with any kind 
of metal, wheels can be made which will stand it. A very slight thicken- 
ing of the plates without any change in the quality of the metal, together 
ith a slight diminution in thickness at other points where the wheel has 
ever failed, so as not to exceed maximum weights, will enable a foundry 

turn out wheels that will stand the drop-test. However, there are > 
lieved to be some advantages gained by testing under the drop, and 
y consumers have been unwilling to abolish this test entirely. Those 
ho do not place much stress on the drop-test, rely almost wholly on the 
ermal-test, and think that everything that is covered by the drop-test 
likewise be obtained equally as well, or better, by the thermal-test. 
ut car-wheels in actual service do receive considerable shocks, and it is 
ome satisfaction to know that the wheels will stand them without break- 

ig; accordingly, it seems probable that the drop-test will maintain a 
dlace in the specifications for some time to come. 

It has been suggested that the proposed drop-test is not severe 
ugh and that the weight of trip or the height should be increased. It 
to be confessed we think that in view of the increase in weight which 
characterized the past few years there is much force in this suggestion. 

Section XII is devoted to the thermal-test, which is believed to be by 
the most important test in the specifications, and the one which tells 
Most about the wheels. The origin of the thermal-test may be 
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not uninteresting. Until recently the principal portion of the fail- 
ures of cast-iron wheels were found to occur at the end of, or some 
little distance beyond, a long-continued application of the brakes, as, 
for example, in going down a long grade. This effect naturally led to 
astudy of the reasons why bursted, cracked or broken wheels under 
cars should occur at these points. A little reasoning on the matter, 
together with an investigation of the wheels after they had reached the bot- 
tom of the grade, soon showed that the application of the brakes resulted 
in a heating of the outside circumference of the wheel. Strangely enough, 
it was possible to find in a wheel under a car which had had the brakes 
applied down a long grade, that the rim or outer portion of the wheel was 
frequently hot enough to burn the fingers, while toward the hub it was 
apparently absolutely cold. In other words, the heat generated by the 
friction of the brake did not transmit itself throughout the whole wheel 
uniformly, until considerable time had elapsed. It not infrequently takes 
half an hour for a train to run down a long grade, and during this time, 
the metal six inches away from the rim of the wheel is quite cold to the 
hand, while the rim itself is quite hot. The heating of the rim of course 
produces expansion; and this causes a good deal of strain between the 
metal at the rim and that at the center of the wheel, which results, not 
infrequently, in the bursting or the failure of the wheel in service. The 
thermal-test is designed to similate conditions of a long-continued applica- 
tion of the brake. It will be seen from the descriptive matter in Section 
XII that the rim of the wheel is highly heated by the molten cast-iron 
poured against it, while the center is not heated, giving exactly the condi- 
tions produced by long-continued application of the brakes, perhaps more 
severe than would ever occur in service. 

During the development of the thermal-test many wheels of various 
makes were tested; some burst within a few seconds after the pouring of 
the hot metal was finished, so much so that, at times, the molten metal 
was spattered around by the bursting. Some stood for a longer period 
of time, while others stood until the molten metal had become black-hot, 
or even cooled down to ordinary temperatures. It was also found that 
the wheels cracked in eight different ways. Some of these breaks of 
cracks, such, for instance, as the breaking of the brackets, were considered 
harmless, and accordingly only two of the eight different fractures were 
chosen to embody in the test, namely, breaking in pieces, and cracks 
involving the tread. 

As already mentioned, the length of time from the cessation of pouring 
until the cracks appeared was found to vary from a few seconds to about 
seven minutes, and in order to make the specification workable, a period 
of two minutes was chosen as the time through which the wheel must be 
tested. Itis believed that no test for cast-iron wheels has been suggested 
that is so important, or that tells so much, or that has done so much té¢ 
improve their quality, as the thermal-test. 

There is a difference of opinion concerning the severity of the test 
Some think that an inch of molten metal in the channel-way is enough 
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others,.that a shorter time-limit should be required. It is evident that, 
by varying either the thickness of the molten metal, or the length of time, 
the test may be made more or less severe. Also another factor might be 
introduced, namely, that no cracks of any kind should be formed, so that 
the test taken as a whole has within itself very great possibilities: I have 
seen many wheels that did not break in any place during the thermal-test, 
yet the percentage is small. The same characteristic in regard to allowing 
tape-sizes which have not failed, to appear again, applies in Section XII 
to the thermal-tests. 

Sections XIII, XIV and XV do not require any special comment. 

Some query may arise, as to why, if the test-wheel representing any 
tape-size passes any one of the tests, such as chill- or thermal-test, these 
wheels should not be accepted, as to the test which they pass successfully, 
and not be required to stand test again as a constituent of a new lot of 103 
wheels, as the specifications require. At first sight this seems unduly 
severe, but it should be remembered that wheels are usually bought in 
large numbers, that a hundred wheels make a car-load and consequently 
this number is a convenient unit to be considered, and that at some of the 
smaller wheel-foundries (and indeed at some of the larger ones), when the 
demand for wheels is pressing, often only a hundred wheels are ready for 
test at one time. If, now, the lot fails from any cause, the inspector 
must leave this foundry, and wait until another lot is ready. It was felt, 
therefore, that to require the inspector to keep track of partial tests would 
unduly complicate the inspection, and throw doubt on its value. More- 
over, as has already been stated, previous specifications have usually 
rejected the whole hundred wheels, if any one of the three test-wheels 
failed, on any of the tests; while the present specifications reject abso- 
lutely only those wheels of the same tape-size, as the test-wheel which 
fails, allowing the other tape-sizes to appear for test again, which is as 
preat a modification as in the present state of the wheel-problem, it seems 
wise to make. Furthermore, it should not be forgotten that the prime 
object of the specifications is to get as great certainty as possible, that 
only safe wheels shall go into the service, and doubtful ones shall not pass. 
Finally, since the consumer pays for the test-wheels in the price which is 
agreed upon, it was felt that no serious hardship is introduced by the 
specification as drawn, and that it is better to err, if at all, on the side of 
safety. 

_ Taken as a whole, it is perhaps safe to say that, for ordinary service 
(by which is meant for all service except under 40- and 50-ton freight- 
cars) the wheels which pass the tests of these specifications will be safe 
and will give fairly good results. There are some points in connection 
with the failure of wheels under heavy cars, that need further study; and 
it is more than probable that, as this study progresses, it may be found 
essential to change, or modify, some of the requirements of the specifica- 
tions. The special failure of wheels under heavy cars is a circumferential 
rack either in the tread or in the throat of the wheel, resulting sometimes 
in the breaking-off of the flange. The causes leading up to this failure 
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The President. 


are complicated, and it is possible that modifications in the design of the 
cars themselves may very greatly diminish the number of failures of this 
kind. On the other hand, a most earnest study of the wheel itself is now 
being made, in order to enable it to resist successfully the strains produc- 
ing these circumferential cracks. It is fair to say that there are some whe 


believe that steel-tired wheels or some kind of a steel wheel will be neces- 


sary for heavy service. There are also some who are strongly of the 
opinion that a cast-iron wheel can be made which will successfully meet 
the conditions under heavy cars, and will thus perpetuate the remarkable 
and wonderful reputation which the cast-iron wheel has made for itseli 
in this country. 


C. W. SHERMAN.—About four-fifths of the consumers noy 
use 600 or 700-pound wheels, with variations of 2 per cent. ir 
weight from the mean specifications. The 600-pound whee 
applies to the 60,o00-pound capacity car, and I think it would be 
desirable to change the weight specification to agree with tha 
ordered by the majority of users. 

THe PreEsIDENT.—In deciding on weights, the principal 
feeling has been that assuming that the wheel is properly designed, 
the better the metal, the lighter the wheel can be made, so that the 
weight in a sense, is a check on the quality of the metal. 

It will be noted that great weight is laid on the question ol 
tape sizes. The tape, as is well known, is a brass strip about an 
inch broad with supports on it, so that the circumference will be 
measured at certain equal distances from the flange. The method 
of graduating tape sizes is not uniform. The Master Car Builders 
tape has a nomenclature of zero for a 33-inch wheel, and then they 
go three numbers each way, plus 1, 2 and 3, and minus 1, 2 and 3, 
for other sizes. The variation between sizes is one-eighth inch 
At Altoona the nomenclature for a 38-inch wheel is 120, and wheel: 
are put into service having tape sizes of 119, 122 and 523. The 
specifications do not insist on any special nomenclature, bu 
simply that the tape size shall differ from each other by } inch 
As to the importance of tape sizes, it is well known by those inter: 
ested in wheel making, that the tape size of a wheel, tells a gooe 
deal about it. Theoretically wheels as they come from the mold 
have the same size, but as a matter of fact they do not. First, the 
molds are not turned up to exactly the same size, second, they 
wear a little in service, and third, the temperature of pouriny 
influencing the shrinkage, makes a difference; but more importan 
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than all, is the influence of the annealing pit. Twenty wheels put rhe President. 
in the annealing pit of exactly the same size when put in, would 
come out probably with twenty different tape sizes. You are 
familiar with the facts brought out by Mr. Outerbridge upon the 
growth of cast iron under the influence of heat. This applies 
exactly in car wheel manufacture. To such an extent is this true, 
that it is easy to increase the size of a wheel by one or two numbers, 
by a second annealing. Now in the specifications the tape sizes 
are made the basis of the whole thing. The manufacturer only 
offers in each hundred wheels, three tape sizes, and it is well known 
that the smaller the tape size obtained from any given mold, the 
deeper the chill, the more brittle the metal, and the less likely it 
will be to stand the drop and thermal tests. On the other hand, 
the larger the tape size from any given mold, the less the chill and 
stronger the wheel usually. 

Mr. SHERMAN.—I think the idea of testing wheels with the mr. sherman. 
tape sizes is a very good one and one that should be embodied in 
the specifications. All railroad specifications now require the 
wheels to be chosen at random, but as a matter of fact the inspector 
goes through the entire pile and picks out the extreme tape sizes 
both high and low, the high for strength and the low for chill. It 
is assumed that the intermediate sizes are better than the ones 
tested, and as it is the best indication the consumer has as to the 
quality of the product, the fact should be embodied in the specifi- 
tions. 

There is one point about the specifications, that of limiting 
the tape sizes to three in any one inspection. I hardly think it 
would be worth much in practice because wheel makers receive 
a great many orders from large railroads, who allow from four and 
sometimes five sizes, to be used and it would possibly be necessary 
to change that to allow us to offer one test from each extreme tape 
size. If that wheel should fail all wheels of the same tape size 
should be rejected and the next size chosen for test. If the wheels 
pass inspection the tape sizes tested and all intervening sizes 
should be accepted. 

J. C. Ramace.—It has been our practice, and I presume that Mr. Ramage 
of other roads, not to select test wheels at random, but having in 
mind the value of the tape number as a general indication of the 
character of a wheel, to select for both drop and thermal test, 
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wheels of the highest shrinkage number included in the lot of 
wheels offered. We occasionally vary this practice by taking for | 
drop test a wheel of the lowest shrinkage, as this enables us to also | 
guard against the wheels having too light a chill. 

In eee the proposed specifications, it occurs to me that! 
instead of selecting one wheel of each shrinkage number for test, 
that it would be more consistent with the cae on which the 
specifications are based, to select the test wheels from the extreme 
tape numbers included in the lot of wheels offered, disregarding 
the intermediate tape number. 

THE PRESIDENT.—It may perhaps be reasonably mentioned, 
that there is a growing feeling among the users of cast iron wheels, 
that they are not prepared to take risks and use wheels which 
are inferior from any cause. With the increase in weight of 
equipment and in speeds, the cast iron wheels is really being called 
upon to show its right to a continued existence, and not a few con- 
sumers think that the limit of the usefulness of the cast iron wheel 
has been reached. 

Mr. Ramace.—While the tape size is a general enone of 
the chill and hardness of a wheel, I think it every inspector’s 
experience that you cannot arbitrarily depend upon a tape, one 
wheel always having more chill than a tape two wheel. 

W. W. Lemen.—We have been very successful in the testing: 
department of the Norfolk and Western Railroad in choosing 
wheels from tape sizes. We were successful in showing the 
manufacturers by the tape alone, that a large percentage of a 
recent shipment of wheels were not proper for service, and we 
feel that the allowance of three points is all right. If my inspector 
should report variations in the wheels running more than thre 
points, I should be rather afraid to accept them. 

We use ordinarily low-chilled wheels for the drop test and 
high-chilled wheels for thermal tests. There are some oth 
features that enter into the choosing of wheels which our specifi- 
cations do not bring out, but which enable us from experience t 
discriminate between good and bad wheels, as, for example, their 
location in the annealing pit. The top wheel invariably fails; it 
is never a good hard wheel that will meet the thermal test. W 
have experimented for some time with the use of heavy asbestos 
for covering, but we always get bad top wheels. 
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Mr. SHERMAN.—It is the common practice among wheel- mr. sherman. 
makers to make about four tape sizes a day, which are produced 
from the same mixture owing to variations in melting iron, size 
of chillers, and minor influences too numerous to mention. 

THE PRESIDENT.—The only real assumption made in the The President. 
specifications is that each wheel which has a given tape size, is as 
good as each other wheel which has that tape size. On the other 
hand, by the old method of testing, either of a day’s work, or 
selecting five or more numbers, and taking one of the highest and 
one of the lowest tape sizes for test, many more uncertainties and 
assumptions were introduced. Moreover, considering only three 
sizes in each hundred wheels, does not impose any hardship on 
the manufacturer, as it seems to us, since if the test wheel of either 
tape size fails, only those wheels of the same size in the hundred 
are rejected. Moreover the specification protects the consumer, 
since each tape size is tested, and the only assumption made is as 
already stated, that all wheels of the same tape size, are equally 
good. 

Mr. Ramace.—The only assumption is that all wheels of the Mr. Ramage. 
same tape number are the same. Could not this assumption be 
strengthened by limiting the number of casting dates that would 
be allowed to go to make up the one hundred wheels? Personally 
I have always preferred to inspect wheels by casting dates 
because the character of the charge is not so apt to radically change 
during a day, as it is from day to day. It seems to me, therefore, 
to be desirable and practicable to limit the number of casting 
dates going to make up a lot of one hundred wheels. Most 
foundries are able to offer one hundred wheels from a single day’s 
work; some of the smaller ones could not do so, but any foundry 
could probably make up the one hundred wheels from two or, at 
the most, three day’s work. 

Tue Prestmpent.—The plan Mr. Ramage suggests would The President. 
lead to a good deal of complication. It was thought best to rest 
on this bare assumption, that wheels of the same tape size are 
equally good wheels. 

F. O. BuNNELL.—I should like to ask the President whether Mr. Bunnenl- 
his experience warrants the conclusion that if wheels, irrespective 
of the tape sizes, stand the three tests specified, that they are per- 
fectly safe to go into commission ? 
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The'President. THe PREsIDENT.—Our experience seems to justify this — 
statement, that if the wheels stand the tests enumerated in these ~ 
specifications, we are justified in putting them under cars. | 

Mr. Bunnell. Mr. BunNELL.—As I understand the specifications there is — 
no one clause that covers the whole aspect of the case, and protec- — 
tion can only be gained through a series of clauses covering the 
different propositions. I should prefer to have a limit to the tape 
numbers as a measure of further protection, and one which I do ~ 
not think would create friction with the manufacturers. | 

Mr. SHERMAN.—As to limiting the tape numbers, I think it — 

; 
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in chiller is concerned. 

One manufacturer‘s chillers ought to be all alike; possibly 
they are not like anothers, but there is no excuse for their not 
being uniform in each shop. We all know that the intermittent 
heating and cooling will cause the chiller to increase in diameter, 
etc., but I believe the great variations in the tape sizes is caused 
by variations in the melting and in the mixtures used. So far as 
testing the wheels by dates, I think it is quite common practice 
among makers to change their mixture during a heat, so that one 
part of a heat may not be the same as another part. While it is 
the practice to watch the dates very closely, it is not an absolute 
test; that is, if one wheel in a day’s work stands you are not sure 

' all the rest will stand. 

pee oosdell, Mr. BuNNELL.—In inspecting wheels according to dates, 

. while it is not an absolute test, and it is not certain that you are © 

1 going to get uniformity, still it is more satisfactory to know that ~ 

; the wheels have been recently made. Ina recent inspection I had 
difficulty with a manufacturer over the matter of including a lot of — 
wheels which had been stored in the weather for a year or more. 
It seems to me that it would be well to limit the number of test” 
lots in these hundred wheels to three or five days. That would 
give a reasonable degree of protection without inconvenience. 

The President. THE PRESIDENT.—Among the suggestions made is one to. 
increase the weight. Increase in weight of course has its principal” i 
bearing on ability to stand the drop test. It may be worth while — 
to say that when the drop test was first established, very few wheels” 
would stand even three blows, but it was quickly found that by 
strengthening the wheel at the points where it usually broke, by 


might be easily covered in the specifications, so far as the difference 
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using a little more metal, it was easy to make a wheel which would rne president. 
stand any drop test, and accordingly many consumers think that a 
drop test is of no value, since it is so easy, and with any kind of 
metal by using a little more of it at the proper point, to make a 
wheel which will stand almost any prescribed test. However, 
few railroad officers we fancy, will be willing to abolish the drop 
test for some time to come. 
Mr. SHERMAN.—I think the Master Car Builders are to Mr. Sherman. 
adopt a 200-pound ball for the heavier wheels, but I believe that 
it is too heavy for a 600-pound wheel. It occurs to me that we 
should make the height the same for all classes of wheels, say 12 
feet, and then increase the weight of the drop from a 140- or 150- 
pound ball for a 600- to a 175-pound ball for a 650-pound wheel, 
and a 200-pound ball for a 70o0o-pound wheel. It is of course 
well-known that a 140-pound ball on a 700-pound wheel is practi- 
cally no test at all. 
THE PRESIDENT.—Would it not be better to increase the phe President. 
height of drop instead of increasing the weight of ball? 
Mr. SHERMAN.—I think it would be a great deal easier for wy. sherman. 
the average foundryman to increase the weight of the drop than to 
increase the height of the testing machines, and the same result is 
accomplished. 
THE PRESIDENT.—The thermal test is clearly the most im- phe President, 
portant of the tests applied to wheels. It was noticed many 
years ago, that most wheels that cracked or burst in service, did 
so at the foot of long grades, and an examination indicated that 
the rim and tread of the wheel, were usually hot at the foot of the 
grade, while the metal between the rim and tread and the hub, was 
cold. It was obvious, therefore, that the application of the brakes 
produced a tendency for the wheel to expand at the tread. The 
thermal test produces the same results in the wheel as the brakes, 
‘namely, by heating the tread with the hot metal, expansion is pro- 
duced, which after the metal is poured, results in bursting the 
wheel. Before the thermal test was established over 200 wheels 
were tested at Altoona, and these were found to break in eight 
different ways. Two of these breaks, namely, breaking in pieces, 
and the break involving the tread, were believed to be very dan- 
gerous. Moreover, the length of time that a wheel will stand the 
thermal test is an element in the problem. Some wheels crack in 
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a few seconds, some crack within a minute, and some will stand 
until the metal gets black hot, about seven minutes. Accordingly, 
two points were chosen to embody in the specifications, namely, 
the break must not involve the tread, and the time must be two 
minutes. We have great confidence in the thermal test. 

WALTER Woop.—What has been your experience in regard 
to re-annealed wheels? 

THE PRESIDENT.—Our experience is that re-annealed wheel 
usually stand the thermal test. It is believed, however, that re-an- 
nealed wheels do not wear as well. This point has not, so far as we 
know, been demonstrated. The action of the annealing pit is two- 
fold, first to relieve initial cooling strains, and second, to change 
the condition of the combined carbon. When the wheel is first 
cast, the combined carbon of the gray iron is about 1.25 per cent. 
In an annealed wheel the combined carbon is many times not over 
0.50 per cent., and sometimes very much lower. 

Mr. SHERMAN.—I should like to say a word about annealing 
wheels. The statement has been made that the top wheels in the 
annealing pit will not stand the test. It is our practice to use a 
cast-iron cover, and on top of the cast-iron cover is a covering of 
about 6 inches of hot sand. We have tested a very large number 
of wheels from the top of the pits, and invariably find they would 
stand a very good test. They will not stand as well as wheels 
further down, but they stand a good test. 


One very large railroad is now buying wheels on thermal test, 
which specifies 2 minutes for 600-pound, 24 minutes for 650-pound ~ 


OE 


and 3 minutes for 7oo-pound wheels, without cracking through j 
the tread. In view of all the trouble the railroads have been — 


having with cast-iron wheels, I should be glad to see this specifica- 
tion adopted. The manufacturers can meet it if they use proper 


material, and I think it would be tothe interest of the cast-iron — 
wheel business to make the specifications more rigid on heavier ~ 


wheels, allowing the test on the lighter weight wheels for 60,000- 
pound-capacity cars to remain as it is. 

Mr. RAmace.—Is it the sense of the committee that it would 
be too severe to require that a wheel must not crack at all in the 


thermal test? A large percentage of the wheels we are offered — 
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‘stand two minutes or more without cracking at all, and I am there- — 
fore inclined to think that such a requirement would not be unrea- ~ 
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sonable. Where a wheel does crack, it is evidence that it is mr. Ramage..° 
weaker in some way thanits mate. Since the matter of safe wheels 

is one of such vital importance, why not require all wheels to con- 

form to the higher standard? 

Mr. SHERMAN.—In my opinion it is too severe a test for a yr. sherman. 
cast-iron wheel to demand that it shall not crack under the thermal 
test. I firmly believe that a wheel that does not crack through 
the rim is sufficiently strong to carry the load. 

E. McLran.—Experience seems to show that the thermal Mr. McLean. 
test in its present shape, if rigidly enforced, is sufficiently severe 
to entirely eliminate unreliable wheels; this is quite conclusively 
proven by the fact that the Pennsylvania Railroad has in service 
east of Pittsburg and Erie some 30,000 steel cars of 190,000 pounds 
capacity, representing 240,009 wheels, a very large number of 
which have been in service over four years. These wheels were 
all purchased under specifications including the thermal test and 
up to the present time only three wheels in the entire lot have 
squarely broken down; that is, only three wheels have broken 
into two or more pieces from expansion due to long and severe 
application of brakes, and only four have cracked in the plates 
without the pieces breaking off. Of course, there has been 
quite a large number of broken flanges, primarily due in a great 
majority of cases to seams located at the throat or fillet, these 
seams invariably extending to the depth of the chill, but owing 
to its crystalline formation this tendency to check or seam at the 
throat is unquestionably a characteristic of white iron developed 
by some peculiar service conditions, and we do not believe that 
any test or specification can be devised that will eliminate the 
trouble. With regard to patterns, our experience shows that 
wheels made from all patterns will readily crack from expansion 
unless they are composed of good material. Changing the shape 
of the pattern will not eliminate the tendency to crack, but only 
change its location unless good elastic metal is used; if this is 
done, almost any shape of pattern will give satisfactory results. 

Mr. Lemen.—I should like to ask whether it has been pos- yr. pemen. 
sible to determine by the thermal test what brings about the 
characteristic blue crack in the throat of the wheel when the flange 
breaks off. We find that a large percentage of accidents due to 
broken wheels are due to the flanges breaking off, and in almost 
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every instance we find that characteristic blue crack which often — 
does not extend to the surface of the throat. 

Mr. SuerMan.—That is a question that is bothering every 
wheel-maker in the United States at the present time. We perhaps 
know that the design is faulty and the flange of a wheel will be 
greatly strengthened by using a three-quarter-inch throat radius. 
and a flange one inch high, and when railroads adopt this flange, 
with an increased test for strength, I look for the trouble to stop. 

Tue PRestpent.—It may not perhaps be unwise to say that 
there is very little difficulty at present with burst wheels, such as 
the thermal test and other tests in the specifications are supposed 
to guard against. ‘The greatest difficulty at present with car 
wheels, is a circumferential crack in the tread which may extend 
one-quarter or one-third of the way around the wheel, and ulti-— 
mately results in the flange coming off. ‘The cause of the circum- 
ferential crack is not entirely evident, nor do we know at present. 
any test to be applied to new wheels, which will insure against this 
circumferential crack. It is believed that the center plate, and 
the side bearings, have a very important influence on this circum- 
ferential crack. It is known that those cars which have the best 
center plates and the best side bearings, so that the trucks curve 
properly when they strike a curve, have less of these circumferentia 
cracks. Possibly the wheel is not at fault. 


The motion was made and carried that the specifications be 
referred back to the committee for further study, with instructions 
to report their conclusions at the next annual meeting. 
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PROPOSED STANDARD SPECIFICATIONS FOR 
MALLEABLE CASTINGS. 


PRocEss OF MANUFACTURE. 


Malleable iron castings may be made by the open hearth, air 
urnace or cupola process. Cupola iron, however, is not recom- 
ended for heavy nor for important castings. 


CHEMICAL PROPERTIES. 


Castings for which physical requirements are specified shall 
not contain over .06 sulphur nor over .225 phosphorus. 


PHYSICAL PROPERTIES. 


(1) Standard Test Bar. This bar shall be 1 inch square and 
14 inches long, without chills and with ends left perfectly free in 
the mold. Three shall be cast in one mold, heavy risers insuring 
und bars. Where the full heat goes into castings which are 
subject to specification, one mold shall be poured two minutes 
fter tapping into the first ladle, and another mold from .the last 
iron of the heat. Molds shall be suitably stamped to insure 
identification of the bars, the bars being annealed with the castings. 
here only a partial heat is required for the work in hand, one 
old should be cast from the first ladle used and another after 
the required iron has been tapped. 
(2) Of the three test bars from the two molds required for 
each heat, one shall be tested for tensile strength and elongation, 
he other for transverse strength and deflection. The other 
emaining bar is reserved for either the transverse or tensile test, 
in case of the failure of the two other bars to come up to require- 
ents. The halves of the bars broken transversely may also be 
sed for tensile strength. 

(3) Failure to reach the required limit for the tensile strength 
ith elongation, as also the transverse strength with deflection, 
n the part of at least one test rejects the castings from that heat. 
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(4) Tensile Test. ‘The tensile strength of a standard test 
bar for castings under specification shall not be less than 40,000 
pounds* per square inch. The elongation measured in 2 inches 
shall not be less than 24 per cent. ' 

(5) Transverse Test. The transverse strength of a standard 
test bar, on supports 12 inches apart, pressure being applied at 
center, shall not be less than 3,000 pounds, deflection being at least 
4 of an inch. 


Est Les: 


Castings of special design or of special importance may be 
provided with suitable test lugs at the option of the inspector. 
At least one of these lugs shall be left on the casting for his inspec- 
tion upon his request therefor. 


ANNEALING. 


(1) Malleable castings shall neither be “over” nor “under” 
annealed. ‘They must have received their full heat in the oven 
at least sixty hours after reaching that temperature. 

(2) The “saggers” shall not be dumped until the contents 
shall at least be ‘‘black hot.” 


FINISH. 


Castings shall be true to pattern, free from blemishes, scale 
or shrinkage cracks. A variation of 1-16 of an inch per foot shall 
be permissible. Founders shall not be held responsible for 
defects due to irregular cross sections and unevenly distributed 
metal. 


INSPECTION. 


The inspector representing the purchaser shall have all rea- 
sonable facilities given him by the founder to satisfy him that 
finished material is furnished in accordance with these specifica 
tions. All tests and inspections shall be made prior to shipment. 


*In the amended specifications, adopted by letter-ballot on Novem: 
ber 15, roo4, the tensile strength was decreased from 42,000 -to 40,0008 
pounds, No other change was made,—Ep, 


PROPOSED STANDARD SPECIFICATIONS FOR GRAY 
IRON CASTINGS. 


Process OF MANUFACTURE. 


Unless furnace iron is specified, all gray castings are under- 
stood to be made by the cupola. process. 


CHEMICAL PROPERTIES. 


The sulphur contents to be as follows: A 
HETIL MCAS TIMES 1 ioe cle Mia sia erence ets: bush not over 0.08 per cent. 
TSIM CASTINGS) je cities spe stetksielsi eens 2 0.10 me 
RLGHNTY! CASTINGS <2) eygiallsie enelaots eve =1ete > 0.12 ‘a 

DEFINITION. 


In dividing castings into light, medium and heavy classes, 
the following standards have been adopted. 

Castings having any section less than 4 of an inch thick shall 
be known as light castings. 

Castings in which no section is less than 2 inches thick shall 
be known as heavy castings. 

Medium castings are those not included in the above defini- 
tions. 


PHYSICAL PROPERTIES. 


Transverse Test. The minimum breaking strength of the 
“Arbitration Bar” under transverse load shall be not under: 


BACATE CAS DINGS! civure ats cinerea alalecsietioasamisive: fei oie, « 2,500 lbs. 
[ Dei iti), CAS HINO) «14's gs ons cacaas letaiayets im. avere exe ore ale "2,900 “ 
BERET CASTLIDS \a14 saintsls vs iarele SAM ase see sce. e « Br300. 


In no case shall the deflection be under .19 of an inch. 
Tensile Test. Where specified, this shall not run less than: 


Pamiit CASUINPS:’.. ss ies sine pine msiens 18,000 lbs. per sq. in, 
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THE “ARBITRATION Bar” AND METHODS OF TESTING. 


The quality of the iron going into castings under specification - 
shall be determined by means of the “Arbitration Bar.” This is” 
a bar 1} inches in diameter and 15 inches long. It shall be pre- | 
pared as stated further on and tested transversely. The tensile 
test is not recommended, but in case it is called for, the bar as” 
shown in Fig. 1, and turned up from any of the broken pieces 
of the transverse test shall be used. The expense of the tensile 
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Fic. 1— ARBITRATION Test Bar. TENSILE TEst Piece. 
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Two sets of two bars shall be cast from each heat, one set 
from the first and the other set from the last iron going into the 
castings. Where the heat exceeds twenty tons, an additional set: 
of two bars shall be cast for each twenty tons or fraction thereof 
above this amount. In case of a change of mixture during the 
heat, one set of two bars shall also be cast for every mixture other 
than the regular one. Each set of two bars is to go into a single 
mold. The bars shall not be rumbled or otherwise treated, being 
simply brushed off before testing. 

The transverse test shall be made on all the bars cast, witk 
supports 12 inches apart, load applied at the middle, and the 
deflection at rupture noted. One bar of every two of each se 
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ade must fulfill the requirements to permit acceptance of the 
astings represented. 

The mold for the bars is shown in Fig. 2. The bottom of the 
is r-16 of an inch smaller in diameter than the top, to allow for 
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Fra, 2-—Moxp ror Arsrrramon Test Bar. 
(Not drawa to scale.) 


and for the strain of pouring. The pattern shall not be 
fapped before withdrawing. The flask is to be rammed up with 

een molding sand, a little damper than usual, well mixed and 
through a No. 8 sieve, with a mixture of one to twelve bitumi- 
as facing. The mold shall be rammed evenly and fairly hard, 
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thoroughly dried and not cast until it is cold. The test bar sha r 
not be removed from the mold until cold enough to be handled. 


SPEED OF TESTING. 


The rate of application of the load shall be thirty seconds for 
a deflection of .10 of an inch. 


SAMPLES FOR CHEMICAL ANALYSIS. 


Borings from the broken pieces of the “Arbitration Bar” shall 
be used for the sulphur determinations. One determination fo 
each mold made shall be required. In case of dispute, the stand. 
ards of the American Foundrymen’s Association shall be used fot 
comparison. 


FInisH. 


Castings shall be true to pattern, free from cracks, flaws anc 
excessive shrinkage. In other respects they shall conform ic 
whatever points may be specially agreed upon. . 


INSPECTION. 


The Inspector shall have reasonable facilities afforded hin 
by the manufacturer to satisfy him that the finished materia 
is furnished in accordance with these specifications. ll tests an 
inspections shall, as far as possible, be made at the place 
manufacture prior to shipment. 


DISCUSSION. 


R. S. MacPHERRAN (by letter).—In the proposed Standard Mr. MePherran, 


Specifications for Gray Iron Castings occurs the clause>— 

“In case of dispute, the standards (for sulphur) of the 
American Foundrymen’s Association shall be used for comparison.” 

I wish to propose an amendment to substitute in place of the 
above — 
| “In case of dispute, gravimetric determinations shall be 
made.” 

In support of this the following is submitted: 

“The American Foundrymen’s Association Standard most 
im use contains volatile sulphur 0.038, residual sulphur 0.018, 
total 0.056. 

“This must be used in one of two ways 

“First, Annealed.—In this case we assume that all the sulphur 
is volatilized, absorbed and titrated as HS, both in the standard 
and in the pig iron in question, no allowance being made in either 
tase for residual or insoluble sulphur. 

“This in many cases will give good results, but has not yet 
been tried on a sufiiciently great variety of irons to warrant its 
Tecommendation as standard by this Society. 

" Second, Unannealed er Direct —No pig iron standard run in 
this way can give close results on all other pig irons. With the 
above standard for example the iodine solution would be so 
aq up that 5.6 cc, would titrate or neutralize the volatile sulphur 
from a 5-grain sample. 

“Jt should be noted that the residual sulphur in this standard 
47 per cent. of the volatile and that in using it as above we assume 
t this is always the case. In effect, therefore, we take the 
red or actual volatile sulphur and multiply it by 1.47 and 
the product the total sulphur. 

“When so used this standard will give close results on samples 
that same percentage of residual sulphur, but when used on 
A iron with little or none, will work a serious injustice. To 
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Mr, MePhorran illustrate, take an iron containing but 0,002 to 0.006 residual 
sulphur. An iron of this kind running in volatile 0.038 would 
be reported total 0.056, where the actual total would be but 0.040 
to 0.044.’ 

It seems to me that every pig iron should be judged by itse 
and have its residual sulphur actually determined by a gravimetric 
method and not measured or estimated indirectly by the amount 

: in some other iron. 

“Mr, Moldonke, RicHarp Morprenke.—As one of a committee assisting Mr, 
West in getting up these standards, I would say that the sulphur 
contents is given in both forms. ‘The volumetric and the gravi 
metric. ‘The latter is really the correct method to use in case of 
dispute, the other is only an approximate shop method, which 
came to the foundry from the steel works where its application is 
entirely different. Some day we will know more about the 
nature of the sulphur content in cast iron, and in the meantime 
it would be best to adhere to the gravimetric sulphur as correct, 
even if tedious to obtain. Incidentally, it may be said that the 
standards referred to consist of turnings of castings made unde: 
the best conditions possible to insure uniformity. The materia 
itself, after due preparation, is analyzed by four of the best com 
mercial chemists of the country, and hence, has a well-establishec 
reputation, besides these, cast-iron standards are the only ones in 
existence, 


STANDARD SPECIFICATIONS FOR FOUNDRY 
PIG IRONS 


ANALYSIS. 


It is recommended that all purchases be made by analysis. 


SAMPLING. 


In all contracts where pig iron is sold by chemical analysis, 
each car load, or its equivalent, shall be considered as a unit. At 
feast one pig shall be selected at random from each four tons of 
car load, and so as to fairly represent it. 

Drillings shall be taken so as to fairly represent the fracture 
‘s surface of cach pig, and the sample analysed shall consist of an 
equal quantity of drillings from each pig, Well mixed and ground 
b efore analysis. i" 
In case of disagreement between buyer and seller, an inde- ‘ 
pendent analyst, to be mutually agreed upon, shall be engaged to ‘ 
mple and analyse the iron. In this event one pig shall be 

taken to represent every two tons. 

The cost of this sampling and analysis shall be borne by the 

buyer if the shipment is proved up to specifications, and by the , 
seller if otherwise. ; 


ALLOWANCES AND PENALTIES, 


In all contracts, in the absence of a definite understanding 
to the contrary, a variation of ro per cent in silicon, either way, 
ind of 0.02 sulphur, above the standard, is allowed. 

_ A deficiency of over ro per cent and up to 29 per cent, in 
he silicon, subjects the shipment to a penalty of 4 per cent of 
the contract price. 


* Adopted by letter-ballot on November 15, 1904-—Eb, 
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BasE ANALYSIS OF GRADES. 


In the absence of specifications, the following numbers, 
known to the trade, shall represent the appended analyses for 
standard grades of foundry pig irons, irrespective of fracture, and 
subject to allowances and penalty as above: 


Pp Per Cent Per Cent 
Grade. er Cent Sulphur Sulphur ; 
Silicon. (volumetric) (gravimetric) ; 
No. Ligases, 036 Za7is 0.035 0.045 ‘ 
INO Ais loide on 2.25 0.045 0.055 
/ 
INee. ci. laine. rae 0.055 0.065 a 
INGA eticse ss 51s 1.25 0.065 0.075, ; 
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REPORT OF COMMITTEE C 
ON STANDARD SPECIFICATIONS FOR CEMENT. 


GENERAL OBSERVATIONS. 


1. These remarks have been prepared with a view of pointing 
out the pertinent features of the various requirements and the 
precautions to be observed in the interpretation of the results of 
the tests. 

2. The Committee would suggest that the acceptance or 
rejection under these specifications be based on tests made by an 
experienced person having the proper means for making the tests. 


SPECIFIC GRAVITY. 


3. Specific gravity is useful in detecting adulteration or under- 
burning. The results of tests of specific gravity are not necessarily 
conclusive as an indication of the quality of a cement, but when in 
combination with the results of other tests may afford valuable 
indications. ae 


FINENESS. 


4. The sieves should be kept thoroughly dry. 


TIME OF SETTING. 


5. Great care should be exercised to maintain the test pieces 
under as uniform conditions as possible. A sudden change or 
wide range of temperature in the room in which the tests are made, 
a very dry or humid atmosphere, and other irregularities vitally 
affect the rate of setting. 


TENSILE STRENGTH. 


6. Each consumer must fix the minimum requirements for 
tensile strength to suit his own conditions. They shall, however, 
be within the limits stated. 
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CONSTANCY OF VOLUME. 


7. The tests for constancy of volume are divided into two 
classes, the first normal, the second accelerated. The latter should 
be regarded as a precautionary test only, and not infallible. So 
many conditions enter into the making and interpreting of it that 
it should be used with extreme care. 

8. In making the pats the greatest care should be exercised to 
avoid initial strains due to molding or to too rapid drying-out 
during the first twenty-four hours. The pats should be preserved 
under the most uniform conditions possible, and rapid changes of 
temperature should be avoided. 

9. The failure to meet the requirements of the accelerated 
tests need not be sufficient cause for rejection. The cement may, 
however, be held for twenty-eight days, and a retest made at the 
end of that period. Failure to meet the requirements at this time 
should be considered sufficient cause for rejection, although in the 
present state of our knowledge it cannot be said that such failure 
necessarily indicates unsoundness, nor can the cement be considered 
entirelv satisfactory simply because it passes the tests. 
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STANDARD SPECIFICATIONS FOR CEMENT. 


GENERAL CONDITIONS. 


1. All cement shall be inspected. 

2. Cement may be inspected either at the place of manu- 
facture or on the work. 

3- In order to allow ample time for inspecting and testing, 
the cement should be stored in a suitable weather-tight building 
having the floor properly blocked or raised from the ground. 

4. The cement shall be stored in such a manner as to 
permit easy access for proper ee and identification of 
each shipment. 

5. Every facility shall be provided by the Contractor and a 
period of at least twelve days allowed for the inspection and 
necessary tests. 

6. Cement shall be delivered in suitable packages with the 
brand and name of manufacturer plainly marked thereon. 

7. A bag of cement shall contain 94 pounds of cement net. 
Each barrel of Portland cement shall contain 4 bags, and each 
barrel of natural cement shall contain 3 bags of the above net 
weight. 

8. Cement failing to meet the seven-day requirements may 
be held awaiting the results of the twenty-eight day tests before 
rejection. 

9. All tests shall be made in accordance with the methods 
proposed by the Committee on Uniform Tests of Cement of the 
American Society of Civil Engineers, presented to the Society 
January 21, 1903, and amended January 20, 1904, with all 
subsequent amendments thereto. (See addendum to these 
specifications.) 

10. The acceptance or rejection shall be based on the 


29 following requirements: 


30 


31 
32 
33 


NATURAL CEMENT. 

11. Definition. This term shall be applied to the finely 
pulverized product resulting from the calcination of an argil- 
laceous limestone at a temperature only sufficient to drive off 
the carbonic acid gas. 


108 REPORT OF COMMITTEE C 


SPECIFIC GRAVITY. 


34 12. The specific gravity of the cement thoroughly dried at 
35 100° C., shall be not less than 2.8. 


FINENESS. 


36 13. It shall leave by weight a residue of not more than 10% 
37 on the No. 100, and 30% on the No. 200 sieve. 


TIME OF SETTING. 


38 14. It shall develop initial set in not less than ten minutes, 
39 and hard set in not less than thirty minutes, nor more than 
40 three hours. 


TENSILE STRENGTH. 


41 15. The minimum requirements for tensile strength for 
42 briquettes one inch square in cross section shall be within the 
43 following limits, and shall show no retrogression in strength 
44 within the periods specified : * 


45 Age. Neat Cement. Strength. 

46. 24 hours.in moist air’ «. <2... s.ptsn ete es 5O-2OCuNOE 

47 7 days (1 day in moist air,6 days in water)..100-200 “ 

AS 20'davs (p> fis) eee as . Yes200=2000.5 

49 One Part Cement, Three Parts Standard Sand. 

50 7 days (1 day in moist air, 6 days in water).. 25- 75 “ 

51 28 days (1 <9 “cc “ce 27 a3 ae Ds t 75-169 ‘ 
CONSTANCY OF VOLUME. 

52 16. Pats of neat cement about three inches in diameter, 


53 one-half inch thick at centre, tapering to a thin edge, shall be. 
54 kept in moist air for a period of twenty-four hours. 

55 (a) A pat is then kept in air at normal temperature. 

56 (0) Another is kept in water maintained as near 70° F. as 
57 practicable. 


*For example the minimum requirement for the twenty-four hour 
neat cement test should be some specified value within the limits of 
50 and roo pounds, and so on for each period stated. 
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17. These pats are observed at intervals for at least 28 
days, and, to satisfactorily pass the tests, should remain firm 
and hard and show no signs of distortion, checking, cracking 
or disintegrating. 


PORTLAND CEMENT. 


18. Definition. This term is applied to the finely pulver- 
ized product resulting from the calcination to incipient fusion 
of an intimate mixture of properly proportioned argillaceous 
and calcareous materials, and to which no addition greater 
than 3% has been made subsequent to calcination. 


SPECIFIC GRAVITY. 


19. The specific gravity of the cement, thoroughly dried at 
100° C., shall be not less than 3.10. 


FINENESS. 


20. It shau leave by weight a residue of not more than 8% 
on the No. 100, and not more than 25% on the No. 200 sieve. 


TIME OF SETTING. 


21. It shall develop initial set in not less than thirty min- 
utes, but must develop hard set in not less than one hour, nor 
more than ten hours. 


TENSILE STRENGTH. 


22. The minimum requirements for tensile strength for 
briquettes one inch square in section shall be within the follow- 
ing limits, and shall show no retrogression in strength within 
the periods specified :* 


Age. Neat Cement. Strength. 
24 hoursin moist air .fwi=.......-.++...-3150-200 Ibs. 

7 days(1 day in moist air, 6 days in water)..450-550 “ 

28 days(1 “cc (a4 “cc 27 “ce a3 ).-550-650 ce 


* For example the minimum requirement for the twenty-four hour 


neat cement test should be some specified value within the limits of 
150 and 200 pounds, and so on for each period stated. 
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82 One Part Cement, Three Parts Standard Sand. 
83 7 days (1 day in moist air, 6 days in water) 150-200 lbs. 
84 28days(r “ pee Pag ee ““ ) 200-300 “ 


CONSTANCY OF VOLUME. 


85 23. Pats of neat cement about three inches in diameter, 
86 one-half inch thick at the centre, and tapering to a thin edge, 
87 shall be kept in moist air for a period of twenty-four hours. 
88 (a) A pat is then kept in air at normal temperature and 
89 observed at intervals for at least 28 days. 

go (b) Anothet pat is kept in water maintained as near 70° F. 
gi as practicable, and observed at intervals for at least 28 days. 

g2 (c) A third pat is exposed in any convenient way in an 
93 atmosphere of steam, above boiling water, in a loosely closed 
94 vessel for five hours. 

95 24. These pats, to satisfactorily pass the requirements, 
96 shall remain firm and hard and show no signs of distortion, 
97 checking, cracking or disintegrating. 


SULPHURIC ACID AND MAGNESIA. 


98 25. The cement shall not contain more than 1.75% of 
99 anhydrous sulphuric acid (SO 3), nor more than 4% of mag- 
109 nesia (MgO). =<. 


Submitted on behalf of the committee. 


GEORGE F. SwAIn, Chairman. 
GEORGE S. WEBSTER, Vice-Chairman. 
RICHARD L. HUMPHREY, Secretary. 


F. H. Bainbridge. John B. Lober. 
Booth, Garrett & Blair. Andreas Lundteigen. 
C. W. Boynton. Charles F. McKenna. 
Spencer Cosby. W. W. Maclay. 

A. W. Dow. Charles A. Matcham. 
L. Henry Dumary. Spencer B. Newberry. 
A. F. Gerstell. J. M. Porter. 

Edward M. Hagar. Joseph T. Richards. 
W. H. Harding. Clifford Richardson. 
Olaf Hoff. L. C. Sabin. 
Lathbury and Spackman. Harry J. Seaman. 
Robert W. Lesley. S. S. Voorhees. 

F. H. Lewis. 


American Institute of Architects, W. S. Eames, President. 
American Railway Engineering and Maintenance of Way Asso- 
ciation, H. G. Kelly, Vice-President. 
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ADDENDUM. 


ABSTRACT OF METHODS RECOMMENDED BY THE SPECIAL 
COMMITTEE ON UNIFORM TESTS OF CEMENT OF THE 
AMERICAN SOCIETY OF CIVIL ENGINEERS. 


SAMPLING. 


1.—Selection of Sample.—The sample shall be a fair average of the 
contents of the package; it is recommended that, where conditions permit, 
one barrel in every ten be sampled. 

2.—All samples should be passed through a sieve having twenty 
meshes per linear inch, in order to break up lumps and remove foreign 
material; this is also a very effective method for mixing them together 
in order to obtain an average. For determining the characteristics of a 
shipment of cement, the individual samples may be mixed and the average 
tested; where time will permit, however, it is recommended that they be 
tested separately, 

3.-—Method of Sampling—Cement in barrels should be sampled 
through a hole made in the center of one of the staves, midway between 
the heads, or in the head, by means of an auger or a sampling iron similar 
to that used by sugar inspectors. If in bags, it should be taken from 
surface to center. 


CHEMICAL ANALYSIS. 


4.—Method.—As a method to be followed for the analysis of cement, 
that proposed by the Committee on Uniformity in the Analysis of Mate- 
rials for the Portland Cement Industry, of the New York Section of the 
Society for Chemical Industry, and published in the Journal of the Society 
for January 15, 1902, is recommended. 


Speciric GRAVITY. 


5.—Apparaius and Method.—The determination of specific gravity 
is most conveniently made with Le Chatelier’s apparatus. This consists 
of a flask (D), Fig. 1, of 120 cu. em. (7.32 cu. ins.) capacity, the neck of 
which is about 20 em. (7.87 ins.) long; in the middle of this neck is a bulb 
(C), above and below which are two marks (F) and (£); the volume 
between these marks is 20 cu. cm, (1.22 cu.ins.). The neck has a diameter 
of about 9 mm. (0.35 in.), and is graduated into tenths of cubic centi- 
meters above the mark (F). 

6.—Benzine (62° Baumé naphtha), or kerosene free from water 
should be used in making the determination 
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LE CHATELIER S SPECIFIC GRAVITY APPARATUS 
Fra. 1, 


7.—The specific gravity can be determined in two ways: 

(1) The flask is filled with either of these liquids to the lower mark 
(EZ), and 64 gr. (2.25 oz.) of powder, previously dried at 100° C, (212° F.) 
and cooled to the temperature of the liquid, is gradually introduced 
through the funnel (8) [the stem of which extends into the flask to the 
top of the bulb (C)], until the upper mark (F) is reached, The difference 
in weight between the cement remaining and the original quantity (64 gr.) 
is the weight which has displaced 20 cu. em, 

8,.—(2) The whole quantity of the powder is introduced, and the 
levelfof the liquid rises to some division of the graduated neck, ‘This 
reading plus 20 cu. em, is the volume displaced by 64 gr. of the powder, 

9.—The specific gravity is then obtained from the formula: 

Specific Gravity Pnibe ok of Cement 
Displaced Volume. 
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t1o.—The flask, during the operation, is kept immersed in water in 
a jar (A), in order to avoid variations in the temperature of the liquid. 
The results should agree within o.or. 

11.—A convenient method for cleaning the apparatus is as follows: 
The flask is inverted over a large vessel, preferably a glass jar, and shaken 
vertically until the liquid starts to flow freely; it is then held still in a 
vertical position until empty; the remaining traces of cement can be 
removed in a similar manner by pouring into the flask a small quantity 
of clean liquid and repeating the operation. 


FINENESS. 


12.—A pparatus.—The sieves should be circular, about 20 cm. (7.87 
ins.) in diameter, 6 cm. (2.36 ins.) high, and provided with a pan. 5 cm. 
(1.97 ins.) deep, and a cover. 

13.—The wire cloth should be woven (not twilled) from brass wire 
having the following diameters: 

No. 100, 0.0045 in.; No. 200, 0.0024 in. 

14.—This cloth should be mounted on the frames without distortion; 

the mesh should be regular in spacing and be within the following limits: 
No. 100, 96 to 100 meshes to the linear inch. 
No, 200, 188 to 200 SY os es - 
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15.—Fifty gram (1.76 oz.) or roo gr. (3.52 oz.) snould be used for 
the test, and dried at a temperature of 100° C. (212° F.) prior to sieving. 

16.—Method.—The thoroughly dried and coarsely screened sample 
is weighed and placed on the No. 200 sieve, which, with pan and cover 
attached, is held in one hand in a slightly inclined position, and moved 
forward and backward, at the same time striking the side gently with the 
palm of the other hand, at the rate of about 200 strokes per minute. The 
operation is continued until not more than one-tenth of 1 per cent passes 
through after one minute of continuous sieving. The residue is weighed, 
then placed on the No. 100 sieve and the operation repeated. The work 
may be expedited by placing in the sieve a small quantity of large shot. 
The results should be reported to the nearest tenth of 1 per cent. 


NorMAL CONSISTENCY. 


17.—Method.—This can best be determined by means of Vicat Needle 
Apparatus, which consists of a frame (K), Fig. 2, bearing a movable rod 
(L), with the cap (A) at one end, and at the other the cylinder (B), 1 cm. 
(0.39 in.) in diameter, the cap, rod and cylinder weighing 300 gr. (10 58 
oz.). The rod, which can be held in any desired position by a screw (F), 
carries an indicator, which moves over a scale (graduated to centimeters) 
attached to the frame (K). The paste is held by a conical, hard-rubber 
ring (J), 7 cm. (2.76 ins.) in diameter at the base, 4 cm. (1.57 ins.) high, 
resting on a glass plate (J), about ro cm. (3.94 ins.) square. 

18.—In making the determination, the same quantity of cement as 
will be subsequently used for each batch in making the briquettes (but 
not less than 500 grams) is kneaded into a paste, as described in paragraph 
39, and quickly formed into a ball with the hands, completing the opera- 
tion by tossing it six times from one hand to the other, maintained 6 ins. 
apart; the ball is then pressed into the rubber ring, through the larger — 
opening, smoothed off. and placed (on its large end) on a glass plate and 
the smaller end smoothed off with a trowel; the paste, confined in the 
ring, resting on the plate, is placed under the rod bearing the cylinder, 
which is brought in contact with the surface and quickly released. 

19.—The paste is of normal consistency when the cylinder penetrates 
to a point in the mass ro mm. (0.39 in.) below the top of the ring. Great 
care must be taken to fill the ring exactly to the top. 

20.—The trial pastes are made with varying percentages of water 
until the correct consistency is obtained 
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4 NOTE, The Committee on Standard Specifications inserts the following table 
Jor temporary use to be replaced by one to be devised by the Committee of the American 
Society of Civil Engineers. 
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TIME OF SETTING. 


21.—Method.—For this purpose the Vicat Needle, which has already 
been described in paragraph 17, should be used. 

22.—In making the test, a paste of normal consistency is molded and 
placed under the rod (L), Fig. 2, as described in paragraph 18; this rod, 
bearing the cap (D) at one end and the needle (H), 1 mm. (0.039 in.) in 
diameter, at the other, weighing 300 gr. (10.58 oz.). The needle is then 
carefully brought in contact with the surface of the paste and quickly 
released. 

23.—The setting is said to have commenced when the needle ceases 
to pass a point 5 mm. (0.20 in.) above the upper surface of the glass plate, 
and is said to have terminated the moment the needle does not sink visibly 
into the mass. 

“24.—The test pieces should be stored in moist air during the test; 
this is accomplished by placing them on a rack over water contained in 
a pan and covered with a damp cloth, the cloth to be kept away from 
them by means of a wire screen; or they may be stored in a moist box or 
closet. 

25.—Care should be taken to keep the needle clean, as the collection 
of cement on the sides of the needle retards the penetration, while cement 
on the point reduces the area and tends to increase the penetration. 
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26.—The determination of the time of setting is only approximate, 
being materially affected by the temperature of the mixing water, the 
temperature and humidity of the air during the test, the percentage of 
water used, and the amount of molding the paste receives, 


STANDARD SAND, 

27.—For the present, ths Committee recommends the natural sand 
from Ottawa, Ill., screened to pass a sieve having 20 meshes per linear 
inch and retained on a sieve having 30 meshes per linear inch; the wires, 
to have diameters of 0.0165 and o.orra in., respectively, 7. ¢., half the 
width of the opening in each case. Sand having passed the No. 20 sieve 
shall be considered standard when not more than 1 per cent passes a 
No. 30 sieve after one minute continuous sifting of a 500-gram sample, 

28.—The Sandusky Portland Cement Company, of Sandusky, Ohio, 
has agreed to undertake the preparation of this sand and to furnish it at 
a price only sufficient to cover the actual cost of preparation. 


ple eee ek > 


; 
ges 


> 


= 


7; ony 


\ 


a 


: 


a 
EE Flere Woe Me 
2 
e 


DETAILS FOR BRIQUETTE, 
Vira, 8, 


1. : 
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Form oF BRIQUETTE. 


29.—While the form of the briquette recommended by a former 
Committee of the Society is not wholly satisfactory, this Committee is 
not prepared to suggest any change, other than rounding off the corners 
by curves of $-in. radius, Fig. 3. 


Mo tps. 


30.—The molds should be made of brass, bronze or some equally 
non-corrodible material, having sufficient metal in the sides to prevent 
spreading during molding. 

31.—Gang molds, which permit molding a number of briquettes at 
one time, are preferred by many to single molds; since the greater quantity 
of mortar that can be mixed tends to produce greater uniformity in the 
results. The type shown in Fig. 4 is recommended. 

32.—The molds should be wiped with an oily cloth before using. 


DETAILS FOR GANG MOULD. 
Fi. 4. 


MIXING. 


33-—-All proportions should be stated by weight; the quantity of 
water to be used should be stated as a percentage of the dry material. 

34.—The metric system is recommended because of the convenient 
relation of the gram and the cubic centimeter. 

35.—The temperature of the room and the mixing water should be 
as near 21° C. (70° F.) as it is practicable to maintain it. : 

36.—The sand and cement should be thoroughly mixed dry. The 
mixing should be done on some non-absorbing surface, preferably plate 
glass. If the mixing must be done on an absorbing surface it should be 
thoroughly dampened prior to use. 

37-—The quantity of material to be mixed at one time depends on 
the number of test pieces to be made; about 1,000 gr. (35.28 oz.) makes 
a convenient quantity to mix, especially by hand methods. 

38.—Method.—The material is weighed and placed on the mixing 
table, and a crater formed in the center, into which the proper percentage 
of clean water is poured; the material on the outer edge is turned into the 
crater by the aid of a trowel. As soon as the water has been absorbed, 
which should not require more than one minute, the operation is com- 
pleted by vigorously kneading with the hands for an additional 14 minutes, 
the process being similar to that used in kneading dough. A sand-glass 
affords a convenient guide for the time of kneading. During the operation 
of mixing, the hands should be protected by gloves, preferably of rubber. 
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MoLpDING. 


39.—Having worked the paste or mortar to the proper consistency, 
it is at once placed in the molds by hand. 

40.—Method.—The molds should be filled at once, the material 
pressed in firmly with the fingers and smoothed off with a trowel without 
ramming; the material should be heaped up on the upper surface of the 
mold, and, in smoothing off, the trowel should be drawn over the mold 
in such a manner as to exert a moderate pressure on the excess material. 
The mold should be turned over and the operation repeated. 

41.—A check upon the uniformity of the mixing and molding is 
afforded by weighing the briquettes just prior to immersion, or upon 
removal from the moist closet. Briquettes which vary in weight more 
than 3 per cent from the average should not be tested. 


STORAGE OF THE TEST PIECES. 


42.—During the first 24 hours 
after molding, the test pieces should 
be kept in moist air to prevent them 
from drying out. 

43—A moist closet or chamber 
is so easily devised that the use of 
the damp cloth should be abandoned 
if possible. Covering the test pieces 
with a damp cloth is objectionable, 
as commonly used, because the cloth 
may dry out unequally, and in con- 
sequence the test pieces are not all 
maintained under the same condition. 
Where a moist closet is not avail- 
able, a cloth may be used and kept 
uniformly wet by immersing the ends 
in water. It should be kept from 
direct contact with the test pieces by 
means of a wire screen or some simi- 
lar arrangement. 

44.—A moist closet consists ofa 
soapstone or slate box, ora metal- 
lined wooden box—the metal lining 
being covered with felt and this felt 
kept wet. The bottom of the box is 
so constructed as to hold water, and 
the sides are provided with cleats 
for holding glass shelves on which to 
FORM OF CLIP. place the briquettes. Care should be 

Fie. 5. taken to keep the air in the closet 
uniformly moist. 
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45.—After 24 hours in moist air, the test pieces for longer periods of 
time should be immersed in water maintained as near 21° C. (70° F.) as 
practicable; they may be stored in tanks or pans, which should be of 
non-corrodible material. 


TENSILE STRENGTH. 


46.—The tests may be made on any standard machine. A solid 
metal clip, as shown in Fig. 5, is recommended. This clip is to be used 
without cushioning at the points of contact with the test specimen. The 
bearing at cach point of contact should be } in. wide, and the distance 
between the center of contact on the same clip should be rj ins. 

47.—Test pieces should be broken as soon as they are removed from 
the water. Care should be observed in centering the briquettes in the 
testing machine, as cross-strains, produced by improper centering, tend 
to lower the breaking strength. The load should not be applied too sud- 
denly, as it may produce vibration, the shock from which often breaks 
the briquette before the ultimate strength is reached. Care must be 
taken that the clips and the sides of the briquette be clean and free from 
grains of sand or dirt, which would prevent a good bearing. The load 
should be applied at the rate of 600 lbs. per minute. The average of the 
briquettes of each sample tested should be taken as the test, excluding 
any results which are manifestly faulty. 


CONSTANCY OF VOLUME. 


48.—Methods.—Tests for constancy of volume are divided into two 
‘classes: (1) normal tests, or those made in either air or water maintained 
at about 21° C. (70° F.), and (2) accelerated tests, or those made in air, 
steam or water at a temperature of 45° C. (115° F.) and upward. The 
test pieces should be allowed to remain 24 hours in moist air before 
immersion in water or steam, or preservation in air. ‘ 

49.—For these tests, pats about 74 cm. (2.95 ins.) in diameter, 1} cm. 
(0.49 in.) thick at the center, and tapering to a thin edge, should be made, 
upon a clean glass plate [about ro cm. (3.94 ins.) square], from cement 
paste of normal consistency. 

50.—Normal Test.—A pat is immersed in water maintained as near 
21° C. (70° F.) as possible for 28 days, and observed at intervals. A sim- 
ilar pat is maintained in air at ordinary temperature and observed at 
intervals. 

51.—Accelerated Test—A pat is exposed in any convenient way in 
an atmosphere of steam, above boiling water, in a loosely closed vessel. 

52.—To pass these tests satisfactorily, the pats should remain firm 
and hard, and show no signs of cracking, distortion or disintegration. 

53-—Should the pat leave the plate, distortion may be detected best 
with a straight-edge applied to the surface which was in contact with the 
plate. 


r. McKenna. 


(r, Humphrey. 


DISCUSSION: 


CHARLES F. McKrnnA.—Rather than send these specifica- 
tions out for a letter-ballot, it would appear to me to be wiser to 
refer them back to the committee. After an expression of the 
views of the large number of members of the committee, and others. 
deeply interested in the subject present here, I think the committee 
will have more light on which to act. One reason why they 
should not go forward is on account of the difficulty which arises 
when once specifications get the name of “standard” and get into 
the literature. We would hear about their deficiencies, whatever 
they may be, for the next ten years. 

I therefore move that these specifications be referred back to 
the committee for further consideration and amendment. (Motion 
seconded. ) 

RicHARD L. HumpHREY.—I should like to say that I consider 
Dr. McKenna’s motion to refer the specifications back to the com- 
mittee a very unwise move. It would practically nullify the results 
of the committee’s labors, and would again open up the whole 
subject to discussion. The committee does not feel that these 
specifications are perfect; I do not think that we have attained 
the ideal; but after many meetings, these specifications have been 
evolved. In the attainment of any standard, it is necessary to 
begin with something, even though it be defective. These speci- 
fications are a start, and it is not the intention of the committee 
to consider them final. The committee will be continued, and if 
it is found that the specifications have defects, the committee is 
prepared to remedy such defects. I think these specifications 
for a beginning are unusually fair. The engineer need have no 
hesitancy in using them, for it will enable him to obtain cements of 
the highest grade. You can not evolve anything that is free from 
criticism. The committee has tried to condense in a single speci- 
fication the ideas of thirty-two members, consisting of consumers, 
manufacturers, and inspectors. A number of laboratory meetings 
have been held, in which experiments were made with a view of 
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determining the degree of uniformity attainable with standard Mr.Humphrey. 
methods. Samples of five brands of Portland and four brands 
of natural cement were sent to some thirty laboratories, embracing 
the most important ones, with a request that they be tested in full 
accordance with the requirements prescribed by the Committee 
on Uniform Methods of Tests of the American Society of Civil 
Engineers. The results of these tests were compiled, and form 
the basis of the requirements of these specifications. The present 
requirements were agreed on after a number of meetings, at which 
each requirement was thoroughly discussed. The present speci- 
fications are the result of these discussions. 

It is for these reasons that I think it would be very unwise to 
refer the specifications back to the committee, and feel that this 
motion should not pass. While conceding that the specifications 
are not perfect, they are nevertheless the best that can be agreed 
on at the present time. The specification should be adopted with 
the understanding that they be amended by the committee 
wherever found to be defective. 

Mr. McKenna.—My objection to these specifications is Mr. McKenna. 
based on their faulty definition of Portland cement and to their 
general indefiniteness of expression. 

CHARLES S. CHURCHILL.—It seems to me that we are putting Mr. Churchill. 
ourselves in rather a wrong position with reference to one other 
strong society, in going forward and adopting specifications 
without reference to that other strong society. I refer to the 
American Railway Engineering and Maintenance of Way Asso- ~ 
ciation. As I understand it, it was once proposed to work in 
harmony. I think we cannot work in harmony unless one 
society criticises the acts of the other and suggests improve- 
ments thereon. I think this committee is making a mistake 
in giving us full and complete specifications with no criti- 
cism of those of the other society or suggestions therefrom. 
The result will probably be, that there will be two specifications 
before this country, both backed up by strong societies. If, on 
the other hand, we adopt the plan that was suggested two or 
three years ago, namely, that if one society produced a specifica- 
tion, the corresponding committee in the other society should 
make objections to some special points, that they thought were 
not completely covered, and get the committees together and see 
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_Churchitt. if we could not harmonize these objections, the result will be 
something of great value to the whole country. Now, if I under- 
stand the recommendation of our committee correctly, we are 
about to separate with the result of two specifications. I think 
we should refer this back to the committee, but with instructions 
to get the two cement specification committees together. Let 
us give this society very great weight—let us give the other society 
due consideration also. 

Humphrey Mr. HumpHrey.—The Committee on Masonry of the 
American Railway Engineering and Maintenance of Way As- 
sociation appointed a sub-committee of three, which attended 
the meeting at which these specifications were adopted. The 
members of this sub-committee not only voted favorably on the 
adoption of these specifications, but they also expressed them- 
selves entirely satisfied with them. 

It is my own personal judgment that the specifications are 
strong ones, and that the cement which meets its requirements, 
is above the average; it is a cement of first-class quality, of the 
highest grade. The explanatory clauses are in no way derogatory 
of the specifications. 

_ Webster GEORGE S. WessteR.—I feel that these specifications are 
most excellent ones on the whole. They are the result of the 
labors of the committee covering a long period, and based upon 
an extended series of tests. I believe they form an excellent 
nucleus for more perfect specifications as we gain further infor- 
mation. 

I understand it is the purpose to continue the committee; 
that any criticisms may be considered and amendments proposed 
from time to time. I hope that the Society may see its way clear 
to pass these specifications to a vote in order to give a foundation 
for future work. I know from experience in using large quan- 
tities of cement that most excellent results may be obtained from 
material which meets the requirements of these specifications. 
I should regret to see the tensile strength made much higher. 

.Matcham. CuaritEs A. Matcuam.—While there are some points in 
these specifications which may not meet our views altogether 
there is one in regard to tests, which is not very clear, I refer to 
the 24-hour, 7-day and 28-day tests. The specifications 
state :-— 
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rl 1” \ gn eAY 
Near CEMENT, Strength Mr. Matcham. 
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One PArt Cement, THREE PARTS SAND. 
7 daya(r day in moist air, 6 days in water), .........4. 150-200 ths. 
ye Ce it Me arid AY hy teta teomhetenan 


This is somewhat misleading, and may be construed to 
mean that the test must give a result within the limits of say 450 
to §§0 pounds for 7 days, which is not the intention, I a clause 
were inserted explaining more fully the intended meaning of the 
marginal figures, | should favor a vote on these specifications. 

Mr, Humpurey.—I should not like to see that passed as a Mr Humphrey. 
motion, I do not think it would be wise to take the maximum 
figures and say that it is a high grade cement. I think if it is neces- 
sary for an explanatory clause to be inserted, stating just what 
these figures mean, it can be done without any action of this body, 
and I will add further that such a clause will be put in. 


Mr, MeKenna’s motion was put to vote and lost. 
A motion by Mr. Humphrey that the proposed specifications 
be sent out to letter-ballot for adoption by the Society was 
seconded and carried, 


Joun G, Brown (by letter).-In commenting upon the pro- Mr, Brown. 
posed Standard Specifications for Cement, it should be borne in 
mind that the testing of cement in the vast majority of cases is an 
attempt to form an idea of its soundness from the accelerated test 
and of its purity and value as a constructive agent entirely from 
its physical strength as determined by tension. ‘The chemical 
testing of cement from the standpoint of the user is very rarely 
practiced, even among such large users of cement as the Engineer 
Corps, U.S, Army. There are consequently few laboratories in 
the country that are equipped with the proper apparatus, and 
who make a specialty of conducting intelligent chemical analysis 
of cement. Even in such laboratories, resort to chemical analysis 
is only made when the tensile tests do not show the customary 
values, On the other hand, there is hardly a work of any con- 
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siderable size on which the physical testing of cement is not 
conducted. With this in view and referring to the specifications 
of the committee, it will be noticed that no chemical requirements 
or restrictions other than those for sulphuric anhydride (SO,) or 
magnesia (Mgo) are mentioned. The cement therefore will be 
either accepted or rejected on purely physical tests, excepting in 
respect to SO, and Mgo. The specification for tensile strength 
should therefore be set at so high a figure as to preclude as far as 
possible the substitution of adulterated or blended (mixture of 
natural and Portland) cement. 

Since the recommendations of the Committee on Uniformity 
of Cement Tests of the American Society of Civil Engineers are 
attached as an addendum to the report, the use of Ottawa sand 
appears to be obligatory in all sand tests. 

Cement tested with Ottawa sand always shows greater 
strength, varying with the fineness of the cement, than if it be 
tested with crushed quartz. The excess may be as high as 20 to 
40 per cent. The comparison is more marked in the case of a 
coarse than a fine cement. The reason for this difference is due 
to the shape of the sand grains. The grains of the Ottawa sand 
being round, it compacts much more closely and has a lower 
percentage of voids than crushed quartz. The latter is composed 
of sharp and angular grains which mass and wedge, and has 
therefore a larger percentage of voids. As a finely ground cement 
makes with water a greater amount of paste than a coarsely ground 
one, naturally, when comparing results obtained with Ottawa sand 
and crushed quartz, the effect of the sand is more marked when 
using a coarsely ground cement, and any specification requiring 
the use of this sand should specify 20 to 30 per cent higher values. 
than for crushed quartz. The comparative influence of Ottawa 
sand and crushed quartz on the tensile strength of Portland cement 
mortar is exhibited in the following table: 


TENSILE STRENGTH OF 1-3 PORTLAND CEMENT MorTAR IN 
POUNDS PER SQUARE INCH AT 7 Days. 


Crushed Ottawa 

Quarts. Sand. 
Coarsely ground; average of 5 tests ......... 0.005 168 251 
Finely ground ;'average of 5 tests ........0.0000.. 233 274 
Finely ground; average of 3 tests ..............05 251 33° 


Finely ground; average of 5 tests ...........0.005 296 302 
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I should object very strongly to setting the requirements for 


Mr, Brown. 


tensile strength in these specifications at less than 200 pounds at . 


seven days and 300 pounds at 28 days. I believe that few men 
of wide experience would base specification contemplating the use 
of crushed quartz, 1-3 mortar, at less than 175 or 200 pounds 
at 7 days, as it is well known that any straight Portland cement 
will exceed these limits. Yet here we have specified values of 150 
to 200 pounds based upon a sand (Ottawa recommended by this 
committee) that gives 20 to 40 per cent greater strength than 
standard crushed quartz. 

If we take the committee’s highest figures of 200 pounds at 
7 days and 300 pounds at 28 days, and reduce them 20 per cent, 
for crushed quartz we have 167 and 200 pounds, respectively, or 
values very much below the limits that we would expect an ordinary 
straight Portland to exceed. If we reduce their lowest figures, 150 
pounds at 7 days and 200 pounds at 28 days, we obtain 125 and 
167 pounds, or values that are ridiculous; and can be met by 
blends of 50 per cent natural, 50 per cent of Portland, with ease. 
In adopting other than the highest figures recommended by the 
committee instead of encouraging the manufacture of straight 
Portland cement, we would be encouraging the adulteration of 
Portland cement. 

It is a well-known fact among manufacturers that at least 
three of the larger manufacturers of cement and some of the 
smaller ones of the Lehigh Valley district make a specialty of 
blending cement in various proportions and shipping it as Portland 
to meet the majority of specifications under which they supply 
cement, and they can and do make blends that will exceed the 
150 pounds (1-3 Ottawastand) called for by these specifications. 
It is true these mixtures would not meet the specific gravity require- 
ments of 3.10, but paragraph 3, ‘‘General Observations,” states 
that this clause is not conclusive in itself, and since the committee 
has not specified any method of detecting blending, or other 
adulteration, naturally the engineer not being able to detect the 
blending would not have sufficient grounds upon which to condemn 
this cement. 

Referring to paragraph 6, ‘General Observations,” there 
should be no other conditions assumed by the committee than 
straight commercial Portland cement. If this is too costly or strong 
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for the engineer, let him use larger proportions of sand and stone 
in his mortar and concrete, thereby obtaining for less money the 
same strength as by the use of inferior or blended cement with 
less sand; or else let him buy natural and Portland cement sepa- 
rately and mix these as desired. 

The engineer is rarely aware that by making his requirements 
low for tensile strength he is encouraging adulteration and pre- 
venting competition with honest manufacturers who make nothing 
but straight Portland cement, and are therefore unable to compete 
in price against the manufacturers who adulterate by adding 
natural cement or native rock and ship it labeled as Portland. 

Referring to paragraph 7, ‘General Observations:” I have 
given the quesion of accelerated tests very careful consideration 
and my experience has taught me to look upon the results of the 
accelerated test, used in conjunction with the sulphuric anhydride 
analysis, to be the best guide in accepting a consignment of cement. 
Any cement failing in such a mild test as 5 hours in steam should 
be condemned on the first trial. But if the manufacturer wishes. 
to have his cement retested, let him pay for the demurrage and 
storage while it is becoming seasoned; or else let him season it 
before delivery, which is the proper practice. Contrary to the 
understanding of many, blends to the extent of 4o per cent will 
pass the accelerated test prescribed by this committee with ease. 
In view of the rapid development in the use of reinforced concrete 
above ground and in dry situations, the accelerated test should be 
rigidly insisted upon. 

Referring to paragraph 9, ‘‘General Observations: To 
make a Portland cement that will pass an accelerated test it is. 
necessary that the raw product shall be exactly proportioned, 
finely ground, properly burnt and properly seasoned. This can 
be done and will furnish the best obtainable material. The 
product of some mills invariably passes the accelerated test because 
of the intelligent supervision and great care exercised in the 
manufacture added to ample storage facilities. The majority of 
mills make cement that will pass this test, but when cement is in 
demand they do not give it sufficient time to season. There are 
certain mills, however, whose product when first delivered inva- 
riably fails to pass the accelerated test. These mills do not take 
the same care in the grinding of the raw product and the handling: 
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and rehandling necessary in storing it to season, “That being an yty, Brown. 
expensive process, they always fall back on the ‘retest at 28 days” 

clause, filling the storehouse on the works with green cement to 

age, to the annoyance and expense of the engineer or contractor 

and to the serious delay of the work, 

As an illustration of the annoyance and expense in connection 
with the “retest at 28 days period,” | might mention the following 
experience with two brands of cement. I have received over 200 
cars (over 40,000 barrels) of Brand No. 1 and have never had one 
to fail in the accelerated test. Of Brand No, @ I found 6 cars out 
of 15 cars to fail; the manufacturer of course applying for the 
28 days retest, and as is usual, one-half passing the retest satis 
factorily. Consider, however, the delay and annoyance caused to 
the contractor in awaiting the ripening of this cement, 

By inspection of the mill of Brand No, 1, we found storage 
facilities far in excess of those in the case of Brand No, a. In the 
mill of Brand No, 1 every step of the process of manufacture 
was under the most careful supervision, with a view of producing 
a cement perfect in composition and properly seasoned so that 
it would boil. It is needless to add that the manufacture cost 
considerably more than in the case of Brand No, 2. 

As a comparison between a cement that will boil and one 
that will not, with Brand No, 1 there has never been a failure in 
a normal pat, kept either in air or water, and I Save examined 
over 280 of them once a week for over eighteen months. Of Brand 
No. 2 I have never known one that failed in the accelerated test 
that did not show marked signs of failure within six months to 
one year, 

Regarding the proper interpretations of results, paragraph 7, 
‘General Observations”, | am sure it requires no more knowledge 
or mental training, if as much, to interpret the results of the 
accelerated test than it does the results of the so-called normal 
pats, because the failures in the accelerated test are generally so 
decidedly marked that there can be no question of failure, ‘This 
failure presents always a decided contrast to what the specimen 
was before being placed in the bath, while the changes in the 
normal pats are so gradual and so very very slow, many of them 
not showing marked signs of failure in less than three months, and 
occasionally one or more years, ‘This disintegration being so slow, 
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it requires a clever prophet of much judgment and experience to 
state positively at a period of three months, not to say 28 days, 
whether it will fail or not, and yet in the end (6 months to 3 or 
4 years) the normal pats may have fallen to pieces. 

My objections to the specifications may be summarized as 
follows: : 

The committee have written a specification that fails to 
specify : 

1. A straight Portland cement (paragraph 18, Standard Speci- 
fications, means well, but the engineer is not at the mill when the 
cement is made, and is not equipped with chemical apparatus). 

2. A properly burnt cement (see restriction about specific 
gravity test, paragraph 3, ‘General Observations’’). 

3. A seasoned cement (not condemned on first trial in accele- 
rated test). 

4. A definite standard of strength (paragraph 22, Standard 
Specifications). 

5. 1-3 Ottawa sand strength of high enough value to prevent 
the substitution of blended cement for Portland. Blended cement, 
varying from 50 to 20 per cent of natural to Portland, can be 
forced upon the engineer depending on the figure he selects for 
his specifications between the limits of 150 to 200 pounds for 1-3. 
Ottawa sand at 7 days. To show how easy this is, I submit a 
table made from tests on a blend of 50 to 50 per cent tested 1-3 
with Ottawa sand in exactly the manner specified by the ocm- 
mittee. The engineer could be induced to accept this blend 
cement on the following grounds: 

1. Satisfactory fineness. 

. Satisfactory time of setting. 

. Satsifactory tensile strength 19 pounds more than specified. 
. Excellent increase in tensile strength. 

. Accelerated test satisfactory. 

. SO, satisfactory. 

M G O not determined. 

. Low in specific gravity, but not corroborated by other 
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tests. 
Result—An honest manufacturer cannot compete; the engi- 
neer gets low prices and low-grade cement.) 
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TESTS SHOWING THE EFFECTS OF BLENDING ‘“‘ PORTLAND CEMENT” nr. Brown. 
witH NATURAL CEMENT. 
Sample No. 1, 100 per cent Portland (Vulcanite Portland 
Cement. 
Sample No. 2, 50 per cent Portland and 50 per cent natural. 
Sample No. 4, 100 per cent natural (Saylor’s Hydraulic 
Cement). 


TENSILE STRENGTH lbs. per sq. in. 


| 


] 
1-3 Ottawa Sand: aay Nona! STE 
Onevdary iMolst alle aspera sks es Tov) lee MA 34 
One day moist air, 6 days water..... Eyes” = a wnd(sye) 55 
One day moist air, 27 days water..... PARR YN hs eee 
j 
Fineness: | 
Retained on No. 100 sieve ........... Sanaa) ye, aaah (eae 
Retained on No. 200sieéve s... 22. =. Pasties UNE Zieyovt S| Se tee oy 
RSC CHIC) OLAV AGW ae cians Ua anette ees eae | te ne 2.95 terse 79 
Accelerated tests, American Society for Test-, Checked 
ing Materials, 5 hours steam. K K and 
warped. 
SOG Pe Aer RP errAeR tes pimetent pricier) (asa Te 8 Astley head es 


A. L. JoHNSON (by letter)—The members of the Cement yy. johnson 
Committee defend the very wide range of values permitted in 
these specifications on two grounds: 

First, that they do not know how the cement will be tested; 
and second, that they do not know the requirements of the engineer. 

It seems to the writer as self-evident that it is the duty of 
‘the committee to say how the cement shall be tested; and also 
as self-evident that the engineer wants a first-class cement. If 
he wants second-class cement he doesn’t need any specifications; 
he can get that without any trouble. 

Assuming that he wants a first-class cement, it then appears 
that there are different kinds of first-class cement, and that a 
cement which would be first-class for one purpose would not be 
so good for other purposes. While this may be true to some 
extent, yet, if you eliminate all cement which, though admirably 
suited to certain purposes at the beginning, in time shows a de- 
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crease in strength, there will remain little to differentiate into 
classes. About the only thing we can ask of a cement is 
that it shall get hard and stay hard, and the sooner it gets hard 
the better, so long as it shows later no falling off—“ Getting 
hard”? here is used in the sense of acquiring strength. Unfortu- 
nately, with our present methods of manufacturing, cement that 
gets hard quickly is likely to show an ultimate retrogression. 

Under the present conditions, therefore, two classes of uses 
might be made, though in the writer’s judgment this would not 
be necessary. The first would include monumental work, or 
structures wherein the stress per square inch on the concrete is 
low. The cement for such work should be sufficiently slow in 
hardening to run no risk of ultimate deterioration. 

The second class would include those structures in which 
the requirement of strength in the concrete is great at the age 
of one month. Many reinforced concrete structures are required 
to carry the specified ultimate load at this age. For such cases 
the cement would have to harden more quickly and hence come 
closer probably, to the line beyond which ultimate deterioration 
might occur. But as a matter of fact you wouldn’t want to come 
closer to this line than would be safe in any case; and that close 
you might as well come in all cases. So that, after all, there seems 
to be no necessary differentiation here. 

The writer believes, therefore, that the committee could and 
should describe the qualities of a first-class Portland cement, 
and tell us how all other grades may be eliminated. This they 
have not done. 

RicHaArD L. HumpuHrey (by letter).—A careful review of Mr. 
Brown’s criticism of the proposed standard specifications for 
cement fails to reveal definite suggestions as to the manner in 
which they could be improved. 

After twelve years’ experience in testing cements, his statement 
that the purity of a cement is determined from its tensile strength, 
is a revelation so novel that it cannot be accepted without proof. 
(From Mr. Brown’s remarks the term purity is taken to mean 
freedom from adulteration.) The purity could no more be estab- 
lished from the results of the tensile strength tests than could the 
degree of fineness be determined from the tensile strength with 
sand. It should be noted that fineness and time of setting are 
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quite as generally used as the accelerated and tension tests, and Mr.Humphrey 
are important tests which should not be omitted. 

In the consideration of a standard specification for cement 
it should be borne in mind, that about 90 per cent. of the tests 
are made in small laboratories under less favorable conditions 
and by less skilled operators, than is the case in the large labora- 
tories, and it is not advisable to fix the requirements for the tensile 
strength tests too high because such laboratories would probably 
experience difficulty in passing cements of the highest quality. 

In the experiments made under the direction of the Committee 
on Standard Specifications for Cement, by some thirty-two labora- 
tories there were a number of instances where first class-cements 
failed to meet even the lower limits for tensile strength of the 
proposed specifications. 

It should also be remembered that a number of large of works 
are being constructed with cement, tested under specifications 
having lower requirements than those in the proposed speci- 
fications, and further, that many engineers of experience question 
the desirability of high-testing Portland cements, but prefer those 
giving lower results, and which show a better progressive increase 
in strength with age. 

It should not be forgotten that the question at issue, now, is, 
“Do the proposed specifications, if rigidly enforced, guard against 
inferior cements, and will they secure cements of first-class quality 
suitable for any important work ?” 

Considering Mr. Brown’s objections more specifically it 
should be observed that he illustrates his remarks by quoting the 
results of a few tests, an average of five briquettes. Conclusions 
should be drawn from a large number of tests, all of which should 
‘be given. 

A cement could be finely ground, low in specific gravity, and 
So,, and yet give low results when tested in tension. It would be 
fair to assume that such a cement was not of first-class quality. On 
the other hand a cement could be less finely ground, have a high 
tensile strength (neat and with standard sand), be high in So,, and 
not be of first-class quality, the high strength being due to the 
large percentage of So,. 

In sample No. 1, Mr. Brown fails to state the percentage of 
So,, or to give the neat tensile strengths. 
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It would be impractical to specify additional chemical require- 
ments because the chemical composition of a cement is variable, 
depending on the character of the raw materials and the process 
of manufacture. The committee has prescribed for those com- 
pounds which are generally considered to be harmful when present 
in excesssive proportions,.and has guarded against adulterations 
by inserting in the definition of .Portland cement, the phrase 
which excludes from this class all cements containing foreign 
material in excess of 3 per cent. 

One of the safeguards Mr. Brown would apparently cmploy 
to prevent the acceptance of adulterated cement is the test with 
standard sand. From his remarks it would logically follow that 
he would accept as the requirements for the tensile strength with 
standard sand for Portland cement, 200 pounds for 7 days, and 
300 pounds for 28 days. Under this specification, sample No. 2 
(the blended cement) would fail to meet the requirements for 
specific gravity and for tensile strength with standard sand, and 
would not, therefore, pass the specifications as he states. 

In drawing up a specification most engineers would take the 
highest value for their minimum requirements; the lower values 
being given for the use of less experienced cement inspectors, or for 
those engineers who prefer lower-testing cements. 

It should be noted that of the mills in this country engaged 
in the manufacture of Portland cement not more than ro per cent. 
make an adulterated product which represents probably less than 
4 per cent. of the total production of Portland cement. 

It seems ridiculous to suggest that an engineer desiring to use 
a blended cement should purchase the ingredients and blend them 
on the work. Surely Mr. Brown’s experience should be sufficient 
to teach him the impracticability of such a plan. For, to do this 
properly, the ingredients should be finely ground together, a process 
requiring expensive machinery, which would increase the cost of 
the product beyond what it could be purchased for in the open 
market. As a matter of fact the majority of the mills produc- 
ing blended cement sell it as such and for less money than first- 
class Portland cement. 

Mr. Brown remarks, ‘Contrary to the understanding of 
many, blends to the extent of 4o per cent. will pass the accelerated 
test prescribed by the committee with ease.” He fails to add, 
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however, that this is equally true of the “Boiling Test,” or that Mr.Humphrey | 
most natural cements (100 per cent. blends) also possess the same P 
property. Besides, cement can be so blended that the tensile q 
strength conditions can be met with as high as 50 per cent. of adul- 4 
terant, so that merely raising the requirements will not reveal 7 
adulterations, while on the other hand it tends to increase the 
quantity of So,, by the over-plastering, which results from the 
effort of the manufacturer to meet the high requirements. 

As a final remark concerning blended cement two queries 
seem pertinent at this point: 

If a blended cement makes a tougher mortar and possesses all 
the qualities required for first-class work, what is the objection to q 
it ? And what evidence is there that it is an inferior cement? 

As regards the requirements for the tension tests with standard. 
sand, while admitting that under skilled manipulation the Ottawa 
sand yields higher results than crushed quartz, we should not lose 
sight of the fact that the Committee on Uniform Tests of Cement 
has not reached final conclusions as regards the standard sand and 
has recommended the Ottawa sand for the present only. Should 
it decide to recommend another sand, the Committee on Standard 
Specifications might be obliged to change the requirements of the 
specifications to suit. It is for this reason that it is best to main- 
tain them moderately high until a definite standard is adopted. 

Again, if the engineer is fearful of adulterated cement he can 
station an inspector at the works and see the cement manufactured . 
and packed and seal each package or shipment, thereby ensuring -- a 
against its use. 

As regards the five-hour steam test being a mild one, I hardly 
think Mr. Brown’s experience justifies this statement. I under- 
‘stand Mr. Brown’s practice is to place his pats in steam for three 
hours, and then for five hours in boiling water. Three hours 
steam is insufficient to develop the unsound qualities. Nor is it 
fair to compare the results of five hours in boiling water with three 
hours in steam. 

There are a number of serious objections to the “boiling- 
water” test. In the first place, the degree of the “boiling,” is not 
defined and varies in different laboratories from a gentle boil to 
an ebullition, so violent as to result in an abrasive action to the 
pats. Then the character of the water varies in different parts of 
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the country, some are slightly acid in reaction, others are quite 
alkaline. Some water is clear, others carry considerable material 
in suspension. The apparatus in which these tests are made is 
rarely cleaned at regular intervals, and continual use results in a 
concentration of the water, increasing the acidity, alkalinity or 
turbidity. This produces an abnormal condition, which inter- 
feres with the test. The concentrated sediments is kept in suspen- 
sion by the boiling and coats the surface of the pats, thus obscuring 
the evidences of unsoundness. 

In the steam test, the pat is maintained in a clean pure aqueous 
vapor at all times, and the test is, in my experience, more reliable, 
and fully as severe as the usual “boiling test.’ Certainly the 
cement which satisfactorily passes five hours in steam and subse- 
quently fails in “boiling water” is not objectionably unsound, and 
I doubt whether Mr. Brown can cite instances where a cement, 
which has passed the five-hour steam test but failed in the 
“hoiling-water” test, has proved unsound in actual work. 

I am unable to follow Mr. Brown in his argument, that 
because cement is to be used above ground in dry situations, the 
accelerated test should be rigidly insisted upon. An unsound 
cement is just as objectionable below ground as above, and an 
unsound cement should not be used under any condition. 

Concerning the cost of retesting, I think the specifications 
clearly leave it to the option of the engineer. The clauses relating 
to this point plainly state that they may be made at the option of 
the engineer. ‘The conditions under which cement is received and 
tested are governed by local circumstances which could not be 
covered in a general specification, and which must ncessarily be 
left to the judgment of the engineer. 

The statement that an engineer could be induced to accept 
sample No. 2 on satisfactory fineness, time of setting (values not 
given), tensile strength (sand tests only given), etc., is hardly 
relevant. An experienced engineer could not be induced to accept 
a cement low in specific gravity and deficient in sand strength 
for both the 7 and 28 day tests. An inexperienced engineer 
might be induced to accept anything. 

Replying to Mr, Johnson’s criticism, I would state that the 
Committee on Standard Specifications for Cement have defined 
how cement should be tested by the adoption of the report of the 
Committee on Uniform Tests of Cement. 
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It should be noted that even under standard methods for Mr.Humphrey 
testing, the personal equation of the operator plays such an 
important part, that it is impracticable for two operators to 
obtain concordant results. Since the experience of the operator 
plays such an important part, it would be impossible, therefore, 
to specify a single value for each requirement for tensile strength. 
Such values would be either too low for experienced operators, or 
too high for inexperienced operators. By giving a range of 
values the inexperienced and experienced operators are pro- 
vided for. The requirements of each engineer will naturally be 
based upon his experience, and the committee cannot be expected 
to know just what these requirements should be. 

As regards the statement, that cements harden very quickly 
and then deteriorate, I would state that many first-class Portland 
cements, thoroughly sound and durable, harden very rapidly, 
become very brittle at the end of several months, and show, 
when tested in tension, an apparent loss in strength, the cause 
being the extreme brittleness resulting from the rapid crystalli- 
zation. The same cements, when tested in compression, do not 
show the same deterioration. 

It would be unwise to stipulate two classes of cement, the 
one hardening slowly, the other hardening quickly, since for all 
first-class engineering work it is essential that cement should 
attain considerable strength in a very short time. A first-class 
Portland cement will attain a reasonable degree of strength in a 
very short time and maintain it. 

The high tests, which are obtained from many Portland 
cements, are due to the presence of sulphate of lime, which is 
added to regulate the time of setting. 

; In conclusion, I would add that it does not seem wise to fix 
the requirements of a new standard specifications too high. It is 
far more rational to start moderately high and gradually increase 
the requirements from year to year, as experience indicates the 
necessity. ; 

The committee admits that the specifications are not perfect; 
but they are the very best that could be agreed on at the present 
time, and an inspection of the personnel of the committee will 
at least convince well-informed engineers of its competency. 

It is the intention of the committee to gradually increase the 
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mphrey. requirements as experience directs. The proposed specifications 
are simply a beginning. In the meantime, no engineer need be 
fearful of the quality of the material which will pass a rigid in- 
spection under these specifications, for they will secure for him 
cement of the highest grade suitable for any work. 
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REPORT OF COMMITTEE E ON 
PRESERVATIVE COATINGS FOR IRON AND STEEL. 


On account of the wide difference of conditions and require- 
ments demanded of preservative coatings, Committee E 
decided to publish in pamphlet form the individual opinions of 
its members relative to the best methods of testing preservative 
coatings. 

This compilation of the suggested methods is to be distributed 
among the paint consumers and producers, and engineers, and 
also through the columns of the engineering and technical press. 
The methods are published as received. 

It is the earnest wish of the Committee that these methods 
receive the thoughtful criticism of engineers and paint manufactu- 
rers, as well as the members of the Committee itself; for it is only 
by the hearty co-operation of all interested in this important 
matter, the protection of iron and steel structures, that rational 
sets of standard requirements can be evolved to meet the many 
conditions of service. 

It is felt that no one set of standard requirements can be 
imposed on preservative coatings used to protect steel cars, bridge 
members, structural steel hidden between plaster and expanded 
metal on one side and brick or stone curtains on the other, and 
so on through the widely different conditions and requirements 
demanded in each special case. 

In general, however, the paint film which remains most 
impervious to water, and is satisfactory in other respects, will 
probably afford the best protection. In a recent paper on 
“Paints for Protection of Structural Work,’’* it was shown 
that, other things being equal, the finer the particles of the 
pigment the better the protection, thus emphasizing the necessity 
for thoroughly impervious coatings. 

A satisfactory test to measure this permeability is of the 


*‘* Result of an Investigation of Paints for Protection of Structural 
Work,’’ by Robert Job, Journal of the Franklin Institute, February, 1904. 
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utmost importance. One method suggested among the follow- 
ing schemes dwells at length on this point, and recommends the 
use of a film of dextrine beneath the paint coating. On immer- 
sion in water, if the paint be pervious the dextrine film will be dis- 
solved and the paint will peel. 

It is possible that the suggested electric insulating values of 
the same film, tested when dry, and after soaking in some electro- 
lyte, as sodium chloride, may afford a measure of the absorption 
of water. 

The coating, however, must be impermeable, not only when 
first applied, but also after exposure. ‘This brings up the vexed 
question of accelerated tests. These tests aim to give in a short 
time results comparable to actual service. 

The protection afforded by cement coatings, though of recent 
introduction and limited application, seems worthy of further 
investigation. At present this coating requires a moist atmos- 
phere while setting, a condition hard to meet in practice. Its 
action apparently depends not so much on impenetrability to 
moisture as on the neutralization of carbon dioxide and acid 
gases, etc. ‘This action is so different from oil paint films that a 
comparison of these two types of coatings will be difficult. The 
Committee hopes that this phase of the question will be thoroughly 
discussed. 

The methods subjoined are the individual schemes pro- 
posed by the members of Committee E to test the efficiency of 
preservative coatings for iron and steel. 

Criticism and discussion should be sent to Joseph F. Walker, 
Bridgeport, Pa, the Secretary of this Committee. 

Respectfully submitted, 


S. S. Voorners, Chairman. 


METHODS PROPOSED FOR TESTING PRESERVATIVE 
COATINGS FOR IRON AND STEEL. 


W. A. AIkEN.—As Chairman of the Sub-Committee appointed 
at the last meeting of the Program Committee on ‘‘Preservative 
Coatings for Iron and Steel,” I beg leave to report as follows: 

Inquiry from the fifteen other members of Committee ‘‘E”’ 
for suggestions in the line of experience or theory as to the best 
methods in their individual opinion, resulted in replies from two- 
thirds of the members and brought out a very general endorse- 
ment of the Chairman’s personal views, that “‘service tests” 
should be very markedly distinguished from ‘‘laboratory tests,” 
and that some arrangement should be made if possible to divide 
preservative coatings into groups for specific purposes rather 
than to examine each and every kind with the idea of realizing 
a panacea. 

Examination of the various laboratory tests to which the 
materials which may be selected should be subjected indicates 
that those for time of drying, porosity, peeling, cracking, etc., are 
practically uniform. Many suggestions, more or less elaborate, 
were offered for what may be designated as “laboratory service 
tests,” namely accelerated tests, bearing somewhat the same relation 
to actual ‘‘field service tests’ as does the boiling test for cement 
to the regular long-time test for that material; very good as a 
corroborative test, but hardly sufficient of itself for classing the 
material. 

In my opinion too little stress is generally put upon chemical 

‘analyses. In all preservative coatings certain essential ingre- 
dients should be found, and while certain others may do no harm, 
certain others may or will. Consequently I should recommend 
that this matter be taken up in so far as fixing within certain broad 
limits the percentage of vehicle and pigment, as well as determining 
the quality of the former, and certain ingredients in the latter, 
for each class of coating examined. 

I should recommend: 

1. A series of ‘‘field service tests,” the more extensive the 
better, conducted, perhaps, through the co-operation of the rail- 
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roads and the manufacturers of well-known coatings; the former 
to furnish the structures to be covered and the labor, the latter 
the material to be applied under their supervision. A number 
of bridges, both through and deck, might be painted with different 
coatings of the same shade and regularly examined. The same 
thing might be done with a series of trusses in large train sheds; 
with railroad cars of different Classes, such as metal, wooden, coal, 
refrigerator, etc. In every case the various coatings, such as lead, 
carbon, graphite, etc., should be applied side by side. 

In case the above plan could not be carried out, [ should 
recommend a series of ‘‘field service tests’? on large metal plates 
at least 24 inches square and § inch thick, to be hung in positions 
as closely approximating average service conditions as possible; 
over and under bridges; along sides of trusses; in train sheds; 
over tracks, etc. These plates should always be in duplicate, 
the one to be painted as is generally done at construction plants; 
the other to be properly cleaned and painted in approved manner. 

2. A series of ‘‘laboratory service tests”’ on two metal and one 
glass plate, the two metal plates to be treated as above described 
for the two field service plates; the glass plate to accentuate, if 
possible, the necessity of a thoroughly non-absorbent, perfectly 
clean surface to get best results. The details of these laboratory 
tests should be so elaborated as to disclose the effects of alternate 
exposure to moist and dry air, acid and alkali fumes, the sand 
blast, etc. 

3. Chemical determinations of the quality and percentage 
of vehicle and pigment in each coating subjected to test, as a 
guide for ascertaining the proper proportions from the results of 
the ‘‘field”’ and ‘‘laboratory”’ tests. 

C. B. Dupiry.—It is to be confessed, we think, that the test 
of service is the ultimate test which will prove whether any pro- 
tective coating is or is not valuable. Experiment as much as we 
will with exposure tests, and plan them as we will, and continue 
them as long as we choose, it still remains to actually put the pro- 
tective material into actual service, and see whether it will give 
satisfactory results. If a metal structure of any kind is coated 
with a protective material, and at the end of any designated time 
it is actually found that the material is not corroded, and is in 
satisfactory condition, it is evident that such protective material 
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may be regarded as valuable. If not, the verdict will of course 
be against it. 

But experiments with protective coatings in actual service 
are extremely difficult to make, and are subject to many vicissi- 
tudes. Moreover, they require a long period of time before a 
conclusion can be reached. If the structure is a permanent one, 
that is, does not move, the results only apply to the location under 
which the test is made. If the structure is a movable one, such 
for example as a steel car, there are very serious difficulties intro- 
duced into the test, due to the almost impossibility of watching 
the car while it is in service, and to the danger of losing track of 
it before the test is completed. Cars are constantly undergoing 
repair, a part of which is frequent repainting, and unless some 
one keeps constant watch over the cars under test, results are 
frequently lost, due to this cause. Also cars are frequently 
smashed in wrecks, and in this way tests are lost; so that, taken as 
a whole, while the test of service is undoubtedly the best and the 
ultimate one, as already stated, it is only with the greatest possible 
difficulty that a service test can be obtained. 

In view of this difficulty, exposure tests on smaller samples 
have been proposed. Coat, for example, a number of pieces of 
metal with the various protective coatings which it is desired to 
test, and expose them for a period of time. Unfortunately such 
tests have not a few serious difficulties connected with them. It 
is undoubted that valuable information can be obtained from 
exposure tests, but these tests have at least four objections to them: 
(t) The samples are usually small, and small samples do not quite 
afford the same opportunity to get the proper amount of coating 
on them, as if the samples were larger. Moreover, the coating is 
‘usually done under more favorable conditions, than apply in 
actual service. Also, there seems to be a fairly well grounded 
belief that panel tests, as they are called, are not sufficiently like 
the actual conditions of service to warrant final conclusions. 
(2) During exposure tests there is always the uncertainty as to 
whether something will not happen to the test samples, such for 
example as the record being lost, or the samples being injured in 
some way, or somebody not conversant with the conditions inter- 
fering with them. We have actually had panel exposure tests 
within sight of our laboratory, where they were under constant 
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almost daily observation, mixed up, and some of them lost, due 
to repairs to buildings, or places where the material was exposed. 
(3) Exposure tests take a long time, and this long time is not infre- 
quently accompanied with changes in the personnel of those having 
charge of the test, with a forgetfulness as to exactly what was done 
with the various samples, and sometimes unfortunately with loss. 
of interest in the test. (4) Probably, however, the most valid 
criticism of exposure tests on panels or small samples is that the 
conditions are not those of actual service. The samples are: 
located at one place with a certain exposure. This exposure is. 
not the exposure which structures actually get. Furthermore,. 
the small panels are not under strain, which is characteristic of 
almost every metal structure in actual service, and whatever 
deterioration may be due to strains does not appear in the exposure 
tests. We are not trying to demonstrate or prove that exposure 
tests are not valuable and do not give some indications at least,. 
which may be of service. But we do believe that in order that 
exposure tests on panels may be really valuable, they should be 
much more elaborate, and much more carefully watched, than 
any exposure tests which we have ever known of heretofore. 

In view of the difficulties connected with either service tests or 
exposure tests of protective coatings, it has occurred to us to attack 
the problem in a little different way, namely, to ask ourselves what 
the protective coating is required to exclude from the surface of the 
metal, and if this can be found, to test protective coatings as to their 
ability to exclude this objectionable material. It is evident that this 
brings up the question of the theory of corrosion or rusting of iron 
and steel, and while it may not be possible at the present time to 
say the last word on this subject, we cannot help feeling that if a 
protective coating keeps out water in every form, there will be no 
corrosion. It is on this thesis that what follows is based. If this 
is not true, our reasoning and suggestions must be regarded as 
fallacious. If it is true, we think what follows has some value. 

Starting then with the statement that if water can be kept 
out there will be no corrosion, let us inquire in what forms water 
may get at the surface. It is obvious that there are two sources 
from which water may come; first, from the rainfall or other 
exposure; and second, from condensation of moisture from the 
atmosphere. The successful protective coating, if we are right, 
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must exclude from the metal water falling on the surface during 
the rains or water that condenses when the dew-point is reached. 
This brings us to the question whether there is any test which 
will determine whether water permeates paints or other materials 
designed to be used as protective coatings. We have spent quite 
a little time trying to devise a test of this kind. Our first thought 
was to put on glass or other transparent non-absorbent surface, 
some substance which would change color when water gets to it, 
and after the gum holding the material had been dried out thor- 
oughly, coat it with paint or other protective coating, and then 
put the painted object into water. Experiments with anhydrous 
sulphate of copper and other materials which change color when 
water gets to them, proved not very satisfactory. Apparently 
during the drying of paints of which linseed oil is a constituent, 
water is formed in the layer itself, due to the chemical action. At 
least our experiments showed some blueing of the anhydrous sul- 
phate of copper, even before the specimen had been put in water. 
The most successful results which we have obtained in our attempt 
to test whether water permeates a layer of paint or other protec- 
tive coating, have been by using a water solution of dextrine. 
Dextrine can be completely dissolved in water, so as to give a uni- 
form smooth layer, such as appears for example on the back of a 
postage stamp. This layer when applied moderately thick has 
a little tendency to peel when drying. The addition of a little 
ordinary alcohol seems to overcome this tendency. A good work- 
ing formula is 20 grammes of dextrine, 40 cubic centimeters of 
water, and 30 cubic centimeters of alcohol. In spreading, it is 
desirable to have the layer as thin as convenient, and to allow it to 
dry out without heat for ten to twenty minutes. In heating it is not 
‘desirable to exceed 150° F. Such material applied to a portion 
of a piece of glass for example, and then dried out thoroughly, 
using heat if necessary, gives a thin layer on the surface. If now 
the whole piece of glass is coated with a paint or protective coat- 
ing, and it is allowed to dry, and followed by another or a third 
coat if desired, the whole being allowed to dry and harden for a 
period of time, we have as the result an object which, when plunged 
in water, gives apparently a very satisfactory test as to whether 
water gets through the layer. We have made a number of such 
tests, and have found to our astonishment that almost no paint 
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containing linseed oil as a constituent, is impervious to water. 
It is obvious when the coated glass is put into water and allowed 
to stand, perhaps over night, if water gets througk the layer, it 
will soften the dextrine and cause the material over it to peel. 
Moreover, a layer of dextrine prepared as above, is almost com- 
pletely transparent and invisible on the glass after it is dried. But 
when water gets to it, there is a little change in appearance, making 
the spot quite visible. This change in appearance and peeling 
of the coat of paint is the common result with most paints which 
we have tried, which contain linseed oil. It has been our custom 
to put the dextrine on in the form of a spot about r} inches in 
diameter, and we have not a few painted glasses where the dex- 
trine covered spot is bare, the rest of the glass still retaining the 
paint which was put on. The test is new and we have not yet 
had opportunity to exploit it as far as we would like. It is obvious 
the glass must be free from grease when coated with dextrine. 

There are still some uncertainties in the tests. For example, 
it is well known that a linseed oil paint does not reach its final state 
of oxidation, or the change which we call drying, for quite a period 
of time. We have not yet made any tests, where the paint layer 
was allowed to harden for more than ten days or two weeks. It is 
possible that a longer time before the paint was tested would prove 
advantageous, and there is considerable indication that such would 
be the case. There are indications still further that the presence 
of pigment very greatly helps the linseed oil to resist the penetration 
of water, and also a good deal of evidence that the fineness of the 
pigment is a most important element in the water resistance of 
the layer. Furthermore, the nature of the pigment seems to be an 
element likewise in the problem. 

The query may arise, why is it or how it happens that a layer 
of paint made with linseed oil should allow water to getthrough it? 

It seems almost incredible that an oily substance spread out 
in a thin layer should not so completely repel water that there 
would be no permeation of the layer. But it must be remembered 
that dried linseed oil is no longer an oil. The mass of dried 
linseed oil, if we may trust Mulder’s researches, is a tough Jeathery 
sort of material, which does not leave an oily stain when touched, 
and which is changed chemically from being an oil into a matenal 
which Mulder calls “Linoxyn.”* During the drying or the change 
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of the oil to linoxyn, there seems little doubt but that oxygen is 
absorbed and carbonic acid at least is given off; but if carbonic 
acid is given off as fast as it is formed, it must escape, and it must 
escape not only from the outer surface of the layer of paint, but 
also deeper down in the layer, and it is believed that this escape of 
the carbonic acid, it being a gas, leaves apertures in the dried layer, 
through which apertures the water passes when the material is 
tested, as has already been described. Whatever the philosophic 
explanation of the porosity of the layer of dried linseed oil paint 
may be, if our experiments are to be trusted, this porosity is a 
universal characteristic at least of the layer two weeks old. 

It would perhaps be too strong a statement to make without 
limitation, but we cannot help feeling that our experiments seem 
to indicate that it is going to be difficult, not to say impossible, to 
make a perfectly water-resistant protective coating out of a 
material which consists largely of linseed oil. Substances brought 
forward as protective coatings which dry by evaporation of the 
solvent, seem to offer much more prospect of success. 

It will hardly be fitting at this time, and in this state of our 
knowledge of the case, to discuss methods which have been sug- 
gested to make the layer of paint impervious to water, such, for 
example, as mixing with the paint an oil which does not undergo 
chemical change, but remains an oil in the paint layer, the philoso- 
phy being that finely divided pellicles of oil would help to repel 
moisture; also the dusting over the paint just before it gets com- 
pletely dry, with finely divided pigment, the idea being to fill in 
all the little pores or interstices which may be left as the result of 
the operation of drying, or again the subjecting the painted object 
to a temperature sufficiently fo soften the layer, so that the pores, 
if any there be, would close up as is done in the well-known opera- 
tion of enamelling. Our thought in this whole matter has been, 
if we had some test that was completely reliable, to tell whether 
any material suggested or offered as a protective coating did 
actually prevent water from reaching the metal layer underneath, 
it would be a decided step forward in our study of this interesting 
problem. It is not hoped or expected that the test suggested above 
will be final. At present it is the best test that we know how to 
suggest, and it is hoped that further study along this line, by anyone 
interested, may result in either improvements in the test suggested, 
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or the development of something better. Finally it is not hoped 
or expected that a test which enables us to say that any given pro- 
tective coating actually prevents water from reaching the material, 
will enable us to say that such protective coating will be satisfactory 
in service. Of course exposure tests to get the influence of the sun, 
and to study durability under actual conditions, are still essential. 
But it is believed that no protective coating will be a satisfactory 
one, that does not keep out water, and that every successful pro- 
tective coating must pass the test suggested, or some modification 
of it. If our reasoning is correct, we have got to begin at this 
point; and if our experiments are to be trusted, the protective 
coatings at present available are not as valuable as we have been 
hoping. 

N. F. Harrman.—The practice of the Union Pacific Labora- 
tory to determine the relative value of paints, is to make the follow- 
ing tests: 

Chemical Analysis.—The paint is subjected to the usual 
analysis for this material, special attention being given to the nature 
and fineness of the pigment, the presence of dryers and the purity 
of the oil. If the results of the chemical examination are such as 
to justify it, the paint is subjected to service test. 

Service Tests.—We use pieces of sheet iron, about twelve 
inches square, for the exposure test, one-third of the sheet being 
in the condition just as it came from the mill, 7. ¢., covered with 
scale; one-third is sand-blasted, and one-third has the scale 
removed with acid. ‘These sheets are coated with one, two and 
three coats, respectively, of each paint. During application of 
the paint, attention is given to the spreading and covering power, 
and the time required for drying is noted. About twenty-four 
hours is generally allowed between successive coats. 

After noting carefully the physical characteristics of the paint 
on application, these sheets are hung up in places where it is known 
that the conditions are especially severe, such as in round-houses, 
under viaducts, etc., in order to get an accelerated test, under con- 
ditions to which the paint will be subjected in actual service on 
such structures. 

Paints to be used on wooden structures are generally exposed 
merely to the weather. In all cases, the sheets are examined at 
regular intervals and their condition noted. In all of our paint 
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tests, an effort is made to subject the paint to the same kind of con- 
ditions to which it will be subjected in actual service. 

INTERNATIONAL ACHESON GRAPHITE CoMPANY.—We have 
recently made, and almost completed, a series of to tests on about 
40 paints; 4 of these tests being in the nature of long-time durability 
tests, the other 6 rapid chemical or physical tests. All tests were 
made in duplicate on surfaces painted with two coats. 

The long-time tests included (1) an exposure test, painted 
strips of sheet iron being placed on the roof of one of the factory 
buildings; (2) an evaporation test, in which shallow iron pans 
were partly filled with tap water and allowed to stand uncovered, 
the loss due to evaporation being made up from time to time; 
(3) a weak acid test, which was much the same as that last men- 
tioned, except that a 1 per cent sulphuric acid solution was used 
instead of water; (4) a brine test, a strong brine solution being 
allowed to drip slowly upon painted sheet-iron strips arranged one 
above the other so as to drip from the lower end of one strip on to 
the upper end of the strip next below. 

The accelerated tests consisted in treating the coatings (1) with 
a 2 per cent solution of sodium hypochlorite; * (2) with nitric acid 
(specific gravity 1.2); (3) with “red” lubricating oil; in testing 
permeability and water-repellant properties by placing a few drops 
of water on the coatings and noting the action and, finally, in 
testing the hardness of a coating and in making a qualitative 
analysis of the paint. 

As a result of these tests, and of the discussion at the recent 
meeting of the Committee in Washington, we should recommend 
that a test for porosity of coatings be included, and we are making 
a number of experiments for the purpose of devising such a test. 

“The method which at present seems most hopeful is that of applying 
the paints to polished marble slabs, immersing these in dilute 
hydrochloric acid for a certain length of time and noting any action 
on the marble after removing the coating, shown either, quali- 
tatively, by a roughening of the polished surfaces or, quantitatively, 
by the loss of weight of the slabs. 

As regards the tests proposed by Mr. Sabin for determining 


* This test was extremely severe, but was introduced as a help in 
meeting a demand for a good protective coating within bleaching powder 
chambers. 
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the insulating power and porosity of a coating by subjecting it to 
a high voltage both when dry and after soaking in water, it seems 
to us that the nature of the pigment used, as well as that of the 
vehicle, would so largely influence such tests as to make com- 
parative porosity determinations impracticable. 

The service tests proposed in the Committee’s last report seem 
to us as thorough as could be desired. 

RoBerRT Jos.—In making comparisons with service value 
results we have found the plan of alternate wet and dry exposure 
gives rather better data than any other test. The test can be 
applied with sheet-iron saucers and ordinary evaporation as given 
in the report of Committee “FE” for 1903, or sheet-iron panels, say 
5 by 8 inches, may be coated with the material and after thorough 
drying, immersed each night in water slightly acid, to simulate con- 
ditions of coal-car trucks, and exposed to the sun during each day. 
The paints which have given best service with us have stood this 
test well. In addition to this we have found that the test of the 
dried coating with water often gives valuable indications. 

By taking a given composition,—say pure linseed oil and 
inert material,—one can determine by simple tests, such as fine- 
ness, etc., whether good results may be expected in service, and a 
definite standard of quality can be readily maintained. But in 
the general testing of paints of other composition we at present 
feel obliged to depend largely upon the longer time exposure tests 
such as those mentioned above. 

Our usual plan is to coat sheet-iron and glass slips, to test 
these as above described, and at the same time to determine the 
composition for general information. 

JosEpH Dixon CRUCIBLE COMPANY, REPRESENTED BY MAL- 
corm McNaucuron.—In outlining a test scheme for protective 
paints, the following points are to be considered: cost, application, 
drying, adhesion, elasticity, porosity, /resistance to mechanical 
injury, permanency. 

r. Cost. This point may or may not be included in a scheme 
for testing paints. It is properly included when the test is made 
by the person who is directly interested in the economic side of 
the question, and may properly be left out by him who has to 
determine only the value of the paint as a protective coating. 

2. Application. This bears on the facility with which the 
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coat may be applied, whether it may be properly applied over other 
and different coatings, whether it may be applied at all ordinary 
temperatures, and whether or not any special treatment of the 
surfaces is required. Knowledge on these points is only to be had 
by actual trials. 

3. Drying. Continued observation during an actual trial 
will give all the information necessary on this point. But it is 
necessary that observations be made up to the time that the paints 
are actually hard and dry, because it may happen that one paint 
may begin to dry on the outside more rapidly than another which 
may finally pass it and become dry first. 

4. Adhesion. This is a most important point, it being self- 
evident that any paint to protect must stay in place. Relative 
adhesion, when decidedly unlike, may be detected when the 
paints are fresh by simply peeling off at the point of a chisel. But 
adhesion must persist throughout the life of the paint, so that it 
becomes necessary to test the paint films after having given them 
somewhat the effect of age. Probably as fair a way as any, to 
secure this effect, is to subject plates of painted iron or tin to 
repeated alternations of heat and moisture. Tests for adhesion 
should be made before any others, as a paint coat which lacks this 
quality, when new, should be immediately condemned. 

5. Elasticity. This quality enables a paint film to accommo- 
date itself to its base during changes as a result of variations of 
temperature or form. When we consider the great difference in 
the coefficient of expansion between the metals and oils, we see 
that, unless there is a certain degree of elasticity, rupture of the 
paint film must occur. Films of the paint, detached from their 
support, are best for determining relative elasticity. The simple 
test of bending is enough to give information where the difference 
in elasticity is enough to be of importance. 

6. Porosity. Since iron does not rust except in the presence of 
moisture, it is important that the protecting film of paint should 
be non-porous in the highest degree, without the sacrifice of other 
desirable qualities. This is a test which should be applied when 
the paint is in its most perfect condition as a protecting film. It 
is not correct to test by repeated evaporations of water in a painted 
dish, because the deterioration of the paint by these repeated 
evaporations is also involved. The method in which postage 
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stamps painted on glass, covered with a couple of coats of paint, 
and when dry, immersed in water, seems good. ‘This may not be 
exactly correct in its technical aspect, but should give approxi- 
mately correct results when made for comparative purposes. 

7. Resistance to Mechanical Injury. Tests to determine this 
need be made only in special instances where conditions are such 
that protective coverings may fail from this course. Where such 
a test is advisable, it is easily made by allowing a stream of sharp 
sand to flow over the painted surfaces from a hopper, the sand 
being returned from time to time. The test is easily made more 
or less severe by varying the height of fall and angle at which the 
stream strikes the plate. 

8. Permanency. Protective coatings may be assured as 
quickly reaching their condition of greatest efficiency. We may 
consider that when a paint has become what we call dry, it has 
reached that condition. From that point of greatest efficiency 
there is a gradual, more or less rapid progression toward ultimate 
failure. The paint in which this progression is slowest is to be 
taken as the most permanent. The value of this function must 
be determined entirely separate from the determinations of the 
other qualities, and the test should be so conducted as to bring 
about a slow change, rather than to destroy. The test should be 
made with especial reference to the conditions under which the 
paint is to be used. The test should be made with paint films 
which have been detached from their support. They should be 
of sufficient thickness, not less than two coats, and probably three 
would be better. They may be prepared on thin zinc plates, the 
zinc being dissolved off by. dilute sulphuric acid, or they may be 
prepared on cardboard covered with a paste of dextrine. When 
dry the whole is immersed in water and the support soaked until 
it may be separated from the film. Films of various paints to be 
compared are subjected to the same set of conditions and their 
relative action observed. 

It is much easier to detect changes in films separated in this 
way than when attached to their supports. 

The foregoing tests, while simple, and probably capable of 
much improvement, are sufficient to give considerable information 
when made carefully for comparative purposes, yet at the same 
time they do not give exact values. Under any one test in question, 
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it will be easy to show that one paint is better than another, but not 
so easy to show just how much better. Judgment in this matter 
can only come with experience. It is to be supposed that any test 
of paints is for the purpose of selecting the one most suitable for 
some set of actual conditions, and that these actual conditions 
indicate the relative importance of the tests to be made. 

The rate of drying, resistance to mechanical injury, porosity, 
adhesion, etc., may each in turn be the feature of greatest impor- 
tance. It would certainly be an absurdity to lay much stress on 
relative porosity of a coating which is to be applied to bridges in 
Arizona, or to pay much attention to the matter of elasticity 1 ina 
paint for ironwork in a damp subcellar. 

Unfortunately, no paint has yet been discovered which pos- 
sesses preeminently all the qualities needed for iron and steel pro- 
tection, so it becomes necessary for us, if we hope to get best 
results, to determine in some way what particular product is at 
least as good as any other for the case in hand. Our tests may not ~ 
always indicate the very best, but they will undoubtedly put aside 
the very worst, and this result alone will be a great gain. It seems 
to be entirely within the scope of this committee, in addition to 
suggesting methods of making tests, to suggest also a scheme for 
combining the values obtained by such tests, into an equation, the 
solution of which will give relative values in particular cases. For 
instance, the efficiency of a coating may be represented by an 
equation where one side consists of the sum of the values for the 
various functions previously determined by experiment, each mul- 
tiplied by a factor which represents its particular importance in 
any specified case. Thus in different cases we may take the 
factors as follows: 
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The first set might be used in testing paints for steel cars, the 
second for highway bridges, and the third for ironwork in loca- 
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tions subjected to steam and acid vapors. Such a scheme will 
have its limitations and variations due to the personal equation 
of the man operating it, but eventually there would come a certain 
degree of standardization. These suggestions are presented with 
the idea of showing the advisability of a scheme which will neces- 
sitate the consideration of all the points involved. 

With regard to time tests, not much need be said except that 
the pieces to be exposed should have at least 2 square feet of area 
on each side, and should have two coats, the second applied only 
when the first is dry. The second coat should be dry before 
exposure occurs, and the exposure should be average conditions 
it is desired to protect against. The test piece should consist of 
vertical and horizontal parts, the latter to serve as a resting place 
for water, cinders, dust, etc. Where such pieces have been 
examined from time to time, such places should be covered by 
paint to prevent extension of corrosion from the damaged surfaces. 
This patching-up paint should be of a different color than the paint 
which is being tested, to avoid any confusion. 

S. B. Newperry.—It is difficult for me to suggest a scheme 
for testing Portland cement as a protective coating for iron and 
steel, since the methods of using it for this purpose have not yet 
been developed. After carefully reading the outline of tests sug- 
gested by Committee ‘‘E,’’ however, I think there is no reason 
why cement should not be submitted to the same tests as other 
paints, so far as these are found to be applicable. Cement coatings 
should, however, be kept in moist air at least 24 hours after being 
applied. Whether this will prove practicable on a working scale 
must be determined by experience. 

For these experiments cement in extremely fine state of 
division will be necessary. We have facilities for furnishing such 
cement, prepared from our regular product by air separation, and 
could ship a barrel or so for experiment at any time. The cement 
should be mixed with water to about the consistency of ordinary 
oil paint, and kept thoroughly stirred while being applied. 

I would suggest also experiments with cement with the addi- 
tion of calcium chloride to the amount of 5 and 10 per cent of the 
weight of the cement, having found by experiment that this aids 
greatly in producing a thorough set of the cement before drying 
takes place. 
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PATTERSON-SARGENT COMPANY, REPRESENTED BY W. A. 
PoLx.—“ In experimental science, two methods of progress are 
observed; first, in actual practice certain methods are adopted 
because they are found to be the most advantageous and useful, 
though we cannot explain why it is so—.e., practice outstrips 
theory. Again, as a result of experimental investigation, certain 
facts are discovered which explain why the practical methods 
just alluded to are the best, and this in turn suggests further 
improvements in our practice—i. e., theory outstrips practice and 
enlarges its domain. This is what the laboratory does for the 
paint business.”’ 

The writer has had some experience in observing tests of 
paint made by covering plates of sheet iron and exposing these 
in places where the conditions were particularly severe. For 
instance, in making a test of paint for the protection of the steel on 
the interior of a train shed, such painted plates would be hung in 
positions where they would receive not only the gases and fumes 
from the locomotives, but they would be hung directly over the 
smokestacks in such a way that the blast of cinders and the direct 
contact of sulphurous gases would affect the painted surface to 
a degree which would seldom occur in practice. 

The adherents of this system of making tests naturally ask, 
is not the paint subjected to the same conditions and is it not a 
truly comparative test? Such a test would be truly comparative 
but that is not what is desired, if I understand the scope of the 
subject in hand. Surely, if a train shed is to be protected from 
gases, it is to be protected as a whole, and no particular spot is to 
be especially singled out for protection. Whilst such places are 
to be found in all train sheds, they must have special treatment. 
‘In other words, the diagnosis of each case must be based on the 
conditions of that particular structure. 

In respect to the preservation of bridges, many tests have been 
made in which none of the coatings were applied directly to the 
surface of the bridge in question; but plates were painted and sus- 
pended beneath the structure. The same objection applies to this 
sort of test as to the one referred to above. On a railroad an entire 
bridge should be painted with a coating of one character, whilst 
half a dozen others on the same division, subject to the same con- 
ditions, should each be painted with a coating of a different char- 
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acter. Practical results could be obtained in this way which 
would be far more instructive than those obtained from a number 
of plates hung under the same bridge. The question may be 
asked: Is it possible to find two bridges alike in respect to the con- 
dition of the surface to be painted? ‘Theoretically no, but prac- 
tically any two surfaces may be made essentialiy identical by 
thorough cleaning. 

To go back four years, to the tests made on the One Hundred 
and Fifty-fifth street viaduct over the Manhattan Elevated Rail- 
road, under the supervision of the Department of Public Works, 
for the purpose of determining the relative merits of a number of 
protective coatings, an expense of several thousand dollars was 
incurred in cleaning the surface of the bridge by means of the sand- 
blast. In this case a practical as well as a theoretical demonstra- 
tion was made of the possibility of cleaning a surface perfectly. 
The surfaces to be painted were of sufficient size to ensure results 
of practical value. These results are matters of record, but the 
point that the writer would especially accentuate is that this test 
was made in a thoroughly practical manner. 

The preservation of steel cars is a question requiring careful 
study. The preparation of the cars for painting is obviously of 
prime importance. An experience will serve to show to what extent 
this point should be considered. In making an observation recently 
the writer noticed that the plates of a new steel car were covered 
with oil which had been used on the rivet holes. This oil had 
spread over the surface of the car in large spots. The writer 
instructed the painters to remove the grease entirely from the 
surface, but before these instructions had been given the men had 
painted a part of the car without removing the grease. On the 
following day, after the entire car had been painted, it was found 
that the coating was entirely dry except on the first section from 
which the grease had not been removed. ‘The paint on this section 
was perfectly wet; that is to say, it was in the same condition as 
when first applied. In order to expedite the completion ot the car, 
the men were instructed to wipe off both the wet paint and the 
grease which had caused the trouble. Where the grease remained, 
both it and the paint could be wiped off, but from contiguous spots 
where no grease existed the paint was hard and clung so firmly 
to the steel surface that it was removed with difficulty by the use 
of a knife. 
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Another matter of importance in this connection is the 
removal of mill-scale and rust. The painting of steel cars offers 
an opportunity of painting under precisely the same conditions 
if each car be cleaned alike. Naturally the conditions of exposure 
vary to some extent, but a record could be kept of certain cars and 
by inspection from time to time instructive results might be 
‘obtained. Cars might be chosen which remain continually on 
the same railroad, for example, cars carrying coal from the mines 
to tidewater. 

Much might be said concerning tests of protective coatings in 
respect to ships, but I believe this should be regarded as a distinct 
field and receive separate treatment. 

It is frequently impossible to get the best results from the use 
of a good protective coating, owing to the lack of practical knowl- 
edge of painting by the inspector, both in the shop and field work. 
If a good job of painting is desired, a good paint must be used, but 
good paint will not apply itself. The best paint ever made will 
blister, peel, flake and give all sorts of trouble if it is not properly 
applied. ‘The principal causes of trouble are as follows: 

1. Moisture. Paint will blister and peel, if the surface to be 
painted contains moisture, for paint will not adhere to a damp 
surface. For this reason, paint should never be applied in wet or 
freezing weather. 

2. Thickness of Coat. Paint will blister and peel, if it is 
applied too thickly. Ruh it out well. A thin coat of paint will 
wear better than a thick one. There is perhaps more trouble 
from this cause than any other. A good brush must be used to 
rub paint properly. 

3. Bad Primer. Paint will blister and peel, if the primer is 
‘ not right. Many seem to think that anything is good enough for 
a primer. This is a serious mistake, as the primer is the founda- 
tion, and, therefore, the most important coat. A surface well 
primed almost always means a surface well painted. A different 
shade from the finishing coat should be used for the primer, so as 
to aid inspection. 

4. Time for Hardening. Give each coat time to harden 
before applying the next, as a second coat will not adhere to the 
priming coat if the priming coat is not thoroughly dry when the 
second or finishing coat is applied. 
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5. Workmanship. Employ skilled labor in making tests, as 
it requires experience and good judgment to apply paint right. 
The inspector should be instructed in certain everyday practical 
points to be observed in the application of any protective coating; 
for example, that the surface is free from grease; that the paint is. 
thoroughly rubbed out, and not flowed on like white-wash; that 
a stiff round brush is used, which carries more paint and enables. 
tt to be well brushed out. Careful inspection will always assist 
ihe engineer in securing a satisfactory protective coating. 

In designing a series of tests to determine the efficiency of 
protective coatings it should be clearly understood for what pur- 
pose the paint is intended, and such tests should be applied as. 
will determine its fitness for the special purpose in view. Should 
our Committee succeed in this respect its work will be of great 
value, but, to quote the opinion of a well-known chemist, “It 
would be unfortunate if it narrows itself down to the idea that a 
few laboratory tests can be applied to any paint, and its fitness for 
any purpose thus determined. The rational solution of the paint, 
or, rather, the painting problem, seems to be to have the case pre- 
scribed for by some one familiar with protective materials, and the 
question of whether the paint shall be thin or thick, or what shall 
be the composition thereof, will have to depend upon the con- 
ditions to be met. Familiarity with the various paints offered for 
sale is perhaps of more value than a series of tests in a small way, 
and the conditions of service are now pretty well known, so that 
a knowledge of the composition of the material offered is nearly 
always sufficient criteria upon which to base an intelligent opinion.” 

A. H. Sasrn.—Comparative tests for protective coatings for 
structural steel must be time-tests under such conditions as are 
to be met in actual practice. I do not think that any so-called 
accelerated tests which have yet been proposed are of any value, 
but on the contrary are misleading. The fact is that the intelli- 
gent use of such material requires that for any given use a coating 
shall be selected which is especially appropriate for that particular 
kind of service; and that it shall be used in such a way as to prolong 
its efficiency as much as possible. On the other hand, the person 
who plans for an accelerated test devises conditions which will 
destroy the coating as rapidly as possible without entirely oblit- 
erating the differences between the various preparations used. 
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These conditions must be not only abnormal, but unnatural; and ; 
the end sought is exactly the opposite of that desired in practice. 
Even when the action of a single agent is concerned, it is impossible 
to prove that an increase of intensity is similar to a prolongation 
oi action; in fact, a little reflection shows this to be in its nature 
improbable. For example, let us consider the effect of tempera- 
ture; it has been proposed to learn this by exposing the object for 
a short time to an increased heat. But at once we encounter diffi- 
culties; thus, wooden beams exist in a roof a thousand years olds 
and wood is found in Egyptian tombs two or three thousand yearn 
old; but if we heat a piece of wood to 400° F. for a short time it iy 
destroyed. Again, some varnishes or paints are by a certain 
rather high temperature fused into an enamel, and their durability 
and protective effect greatly increased. Thus it appears that the 
effect of heat is uncertain and incalculable. The same is known 
to be true of some chemical agents, and is perhaps true of all. I 
conclude, then, from these and other reasons (as well as from . 
experience and observation), that accelerated tests are misleading 

and irrational. 

Certain so-called exposure tests are also of this nature. 
There are many places (such as the smoke-jacks in a round-house) 
where experience has shown that paint does not afford any pro- 
tection; obviously these are not places to put paint. It is a waste 
of time and money to paint such places; it is as useless to expect 
paint to be of value as it would be to expect it to increase the 
strength of a bar of metal. No exposure test is of value which is 
not conducted under as favorable conditions, and as nearly as 
possible the same conditions, as those which will be met in practice. 

These imply that the paint shall be carefully and skilfully 
“applied to a steel surface. The question now arises, shall this 
surface be specially cleaned, as by pickling or sand-blasting, or 
shall it be covered with mill-scale, or with a more or less thick 
coating of rust? Some users of paint say that as it is impossible 
for them to clean the metal thoroughly, and as they wish to know 
what is the best paint for their conditions, they want a test on rusty 
iron; they are looking for a coating which will arrest or retard 
rust which is already well under way. This does not to me seem 
the proper function of paint; but we may let that pass; if the con- 
sumer thinks that is what he wants, and the supply man wants 
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the consumer’s money, it is probable that they will try to find 


some common ground; still, I do not conceive it to be the business 
of this Society to encourage unreasonable and unjustifiable 
expectations. But leaving that view of the matter out, what will 
be the result of such tests? It was said by Smeaton, over a hun- 
dred years ago, that if rust had started it was impossible to stop it 
by paint; nearly every expert since his time has repeated this con- 
clusion; and while some engineers will tell of great success in 
using paint on rusty iron, I never saw a paint manufacturer who 
believed in it. The most immediate difficulty is the lack of uni- 
formity in results. It is impossible to get two rusty plates which 
are alike; and not only are there different thicknesses, but different 
kinds of oxides, holding varying amounts of moisture. The steel 
itself is not a homogeneous substance, and the differences in its 
composition are emphasized and made more important by the 
varying conditions of rusting. If we would gain uniformity it is 
only by avoidance of rust. This is the most immediate argument 
against the use of rusty plates. I do not believe the experiments 
repeated with the same paints on rusty plates will ever give similar. 
results; and I think it is common experience that irrational results 
of tests are either traceable to or are attributed to differences in 
the surfaces to which the paints were applied, more often than to 
any or all other causes. I know that so far as I am concerned, I 
would never take any interest or attach the slightest importance, to 
paint tests made on rusty surfaces. 

-If the tests are to be made on clean plates, they may be 
cleaned either by the sand-blast or by pickling. The former is 
a very perfect method, but not always available. Pickling with 
acid is easily done and requires no special apparatus. If the 
plates are greasy, they should first be put in a hot ro per cent solu- 
tion of caustic soda for a few minutes, then well rinsed with hot 
water; they are then put into a hot solution of sulphuric acid, the 
usual strength of which is ro per cent, but may be as high as 25 
or 28 per cent. They are left in this until a clean surface is 
obtained; this may take from five minutes to an hour or more, 
according to the condition of the acid bath. They are then 
washed; the common way is to dip them in hot (preferably boiling) 
water, then in hot 10 per cent carbonate of soda solution, then 
again in boiling water (if this is used for many plates a second 
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rinsing in hot water is desirable), then they are dried in a hot oven. 
Or they may be taken from the acid and plunged at once into 
boiling milk of lime, and after a few minutes rinsed in hot lime- 
water, then dried in an oven, and when dry thoroughly brushed 
to remove the adherent lime. Or, they may be taken from the 
acid and washed by a jet of water impinging on them with a velocity 
due to a pressure of at least a hundred pounds per square inch, and 
then dried in the oven. Having cleaned them, the utmost care 
must be taken to keep them clean. They should be handled only 
by their edges, and kept in a box the bottom of which is thickly 
covered with dry caustic lime, until the paint is quite ready for 
application, when the first coat must be applied as rapidly as 
possible, in a dry warm room, to both sides of the plate. 

Both the size and thickness of the plate should be consider- 
able. My own tests have been made on 12 by 20 inch plates, 
} inch thick; larger ones would be better. They should be of that 
class of steel plates known as “pickled and cold-rolled,” having 
been pickled at the mills before the final rolling. Care should be 
taken to have all the plates from the same lot of steel; even then 
I do not believe they will all be alike. Each plate should have a 
hole, about $ or $ inch, about an inch from the middle of each end, 
to hang them by; and a number should be stamped on the plate 
in some convenient place; the centre is as good as any. In addi- 
tion to the stamped number I have always marked the plate on 
the edge with a series of saw-cuts; thus, plate 176 would have, 
first, a single cut, then a clear space of an inch (to the right), then 
seven cuts, then a clear space, then six cuts. These marks can 
never be obliterated by rust, and are easily found. All this, of 
course, would be done before pickling, so as to avoid fouling and 
Tusting the plate. 

Paint is always thin on the edge of a plate; and the border of 
a plate, for at least an inch back from the edge, should not be 
counted in a paint test; but as rust always spreads from the edge 
in a prolonged exposure, I would apply a striping coat along this 
margin between the first and second coats and also another after 
the second coat; and even then I think it would be the best way 
to have each plate set in a wooden frame, such as are put on slates 
for school-children, after the painting is completed. This is to 
provide against accidents; an accident destroys the a of all 
previous work. 
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Each coat should be as thick as will lie evenly, and should be 
given time to dry before another coat is applied; I should say a 
month in a warm dry room; while drying, the plate should be hung 
away from the wall; I usually hang them to the ceiling. 

At certain designated spots, say two inches from the edge and 
opposite the middle of each longer edge, also halfway from that 
point to each end (six spots in all) the thickness of each plate 
should be measured by a micrometer caliper immediately before 
painting, and again after painting and drying before exposure; 
this shows the thickness of the film. At stated intervals this 
measurement should be repeated. It appears to me that it might 
prove a valuable plan to have a duplicate set of plates, and from 
time to time determine the insulating power of the coating; not 
that I would care for the absolute insulating power, for some 
paints naturally are better conductors than others, but most paints 
are insulators, and the resistance to current indicates in such cases 
a non-porous coating; and if they become porous by exposure or 
age the electrical test should show it. These tests would naturally 
be made successively on different parts of the same plate, not rup- 
turing the coating at any one time except in one place. I do not 
think that such an experiment has ever been made; but if it would 
show the porosity of the coating at different periods it would be of 
the highest interest. 

Not less than two coats of paint should ever be used in prac- 
tice, because all paint is porous, and we overcome this defect in a 
measure by successive coats; hence I would value tests made with 
two or more coats; but in my own practice I find it instructive to 
expose a single coat; this is, however, done by me in testing var- 
nishes rather than protective coatings in general. I find that an 
exposure of a single coat for a period of three to six months results 
in a sensible deterioration; these exposures are made on the south 
wall or the roof, where the conditions; are very severe. I have 
never tried any coating which will not begin to show deterioration 
in six months; and it may be that tests of this kind will prove of 
some value. Any such tests should be made with as much care 
and concurrently with other long-time tests of the same material 
used in two or more coats. 

As to the places where exposures are to be made, it seems to 
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me that a series of plates should be exposed on the roof of a build- 
ing, rigidly attached to a framework, so that the sun, wind and rain 
can get at all equally, within two or three hundred teet of the shore 
of a body of sea-water; another set similarly exposed in the country, 
away from the coast; perhaps a set near the shore of one of the 
great lakes; and a set should be placed on the roof of a not very 
high building in or adjacent to a railroad yard, where it will 
receive the gases from engines. I would not make exposures on 
the tops of railway bridges, because no two plates can possibly 
have the same exposure; and the same is true of train sheds, 
unless the cases containing the frames can be so placed that it 
seems certain the exposures will be uniform. 

G. W. THompson.—Protective coatings should be selected or 
designed by the architect or engineer according to the conditions 
to which the coating is to be subjected, and with such knowledge 
of the qualities of the coating as will enable him to satisfy himself 
intelligently as to the merits of the coat to be applied. 

A protective coating protects in proportion to its imperme- 
ability, its hardness and its elasticity. It should be as imperme- 
able as possible to moisture, which is the principal factor in the 
corrosion of iron. Hardness and elasticity are, to a certain extent, 
the reverse of each other—the hard paint being usually inelastic 
and the soft paint elastic. Generally speaking, a paint should 
have the maximum hardness consistent with the elasticity required 
by the conditions to which it is subjected. With extreme varia- 
tions of temperature, such as occur on bridges, great elasticity is 
required; while, with the steel framing of buildings and under- 
ground work subjected to little variation in temperature, elasticity 
can safely be sacrificed to hardness. Tests on permeability, hard- 


ness and elasticity of protective coatings should be applied wherever 


practicable. 

Generally speaking, the impermeability of a coating is pro- 
portional to its thickness. The architect or engineer should, 
therefore, know the approximate thickness of a coating or coatings 
when applied. The surface covered is inversely proportional in 
area to the thickness of the coat left on the surface. All pro- 
tective coatings should be brushed out as thoroughly as possible, 
as, otherwise, there will be sagging and settling out of pigment, if 
pigment is present, this settling being sometimes away from the 
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surface painted, as on the under side of I beams. The architect 
and engineer, by knowing the spreading power, and from this the 
average thickness of the coat applied, can judge whether the 
additional cost in labor in the application of extra coats is war- 
ranted in the case of protective coatings of high spreading power; 
they should continually bear in mind that high spreading capacity 
is not in itself a good quality in protective coatings for the reason 
given—to wit, that a paint having a high spreading capacity gives 
a comparatively thin coat on each application. One gallon of 
paint spread over a perfectly smooth surface so that it covers 800 
square feet of surface would have a thickness of 1-500 inch. In 
the case of a protective coating that is spread twice as far as this 
in each coat, the number of coats should be doubled to obtain 
equal protective power, provided other things are equal. 

The architect or engineer should also know what proportion of 
the paint is volatile, as that adds nothing to the thickness of the pro- 
tective coating and, in this particular, nothing to its protective value. 

If the protective coating contains solid pigments—if it is a 
paint, in other words—the architect or engineer should know in 
what proportion the pigment is present both by weight and by 
volume. It may be considered as well established that in linseed- 
oil paints the greater the per cent by volume of pigment, the 
greater will be the impermeability of the protective coating; to 
this extent, at least, the pigment protects the vehicle. 

It should be borne in mind, however, that hardness and elas- 
ticity of paints are proportional to the per cen} of pigment and 
non-volatile vehicle present. The architect or engineer should, 
it is believed by some, specify a high per cent of pigment where a 
hard paint is desired, and a high per cent of non-volatile vehicle 
where a paint of great elasticity is desired. A paint high in 
pigment has a low spreading capacity; therefore, where grea} 
elasticity is desired, it can be accomplished by increasing the per 
cent of non-volatile vehicle and securing proper thickness by an 
increased number of coats. The spreading capacity of a paint 
is reduced by an increase in the per cent of pigment present; in 
other words, the greater the per cent by volume of pigment, the 
greater will be thickness of the applied coat. The fineness of 
the pigment should be such that there shall be no tendency to run 
or ‘‘weep” when the paint is properly spread out. 
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The architect or engineer should possess a reasonable knowl- 
edge of the chemical composition of all protective coatings for iron 
and steel. He should know: 

(a) Whether there is present in the paint any constituent that 
would,:on oxidation, form mineral acids. The analysis should 
show whether the vehicle contains sulphur or chlorine, as it is 
believed by some that such vehicles by decomposition and oxidation 
cause the formation of corrosive mineral acids. 

(6) Whether the vehicle contains lead or manganese, or both. 
It is believed by some that manganese makes the vehicle dry too 
rapidly (as compared with lead alone) and to continue drying until 
the elasticity of the paint is destroyed. 

(c) Whether the vehicle contains non-volatile, unsaponifiable 
matter (usually heavy mineral oil), for, if it does, it is believed that 
as the drying oil dries it separates from this unsaponifiable matter 
and an unhomogeneous coating is obtained. It is also believed 
that heavy mineral oil, if present, causes the paint coating to lose 
its (tensile) strength on drying and to alligator, leaving large cracks 
through which corroding gases can reach the metal—also weaken- 
ing the hold of the paint to the metal surface to which it was 
applied. 

(d) Whether the pigment contains substances that are elec- 
trical conductors, as these substances, if present, reduce the insu- 
lating capacity of the protective coating and, consequently, under 
some conditions, it is believed, may favor the destruction of the 
metal by electrolysis. 

(e) Whether the paint contains electrolytes, as, under some 
conditions, it is believed that the presence of electrolytes favors 
destruction of the metal by electrolysis. Sulphate of lime is an 
electrolyte, for instance. 

(f) Whether the pigment is basic in its character. It is 
generally accepted that the tendency for iron and steel to corrode 
is lessened by the presence of alkalies. It is believed by some that 
this protective quality is possessed by pigments of a basic nature, 
such as metallic oxides that are capable of combining with the 
carbonic acid, etc., in the air and thus preventing its reaching the 
metal to be protected. 

(g) He should know, finally, within reasonable limits, the 
other constituents of which the paint is composed, to ensure com- 


164 Report or CoMMITTRE E 


pliance with specifications and also to explain such peculiarities, 
good or bad, which the protective coating may exhibit. 

To summarize: 

1. General tests should be applied to protective coatings, 
wherever practicable, to show their specific impermeability, 
hardness and elasticity. Standard methods for making these 
tests have not yet been formulated, but, when their importance 
is fully realized, generally acceptable methods will doubtless be 
proposed. 

2. Painting tests should be made showing the spreading 
capacity and average thickness of coatings. 

3. The per cent of pigment and non-volatile vehicle should 
be determined by weight and by volume (calculated from the per 
cent by weight and the specific gravity). 

4. The per cent of volatile thinner should be determined— 
also its nature. 

5. The fineness of the pigment should be tested; this can 
be done in many cases by determining the per cent coarser than 
No. rg silk cloth. 

6. Chemical analysis should show the composition of the 
vehicle and pigment, within reasonable limits. 

J. F. Warxer.—The question of comparative testing of pro- 
tective coatings has been to me a most interesting subject, but one 
in which I have always been plunged in chaos on account of the 
varying results which I have obtained. The so-called accelerated 
tests are to my mind of little value and to a great extent misleading. 
Usually, in painting a structure of any kind for test, the work is 
done under the most favorable circumstances in an endeavor to 
get the best possible results. In an accelerated test the most 
abnormal conditions are selected. 

In an endeavor to test a coating six points are to be considered, 
viz: Drying, method of application, adhesion, elasticity, porosity, 
chemical analysis. 

1. Drying. This is an important feature and the simplest of 
all tests, consisting only of applying the paint to a surface and noting 
the time required before a second coat can be applied. A paint 
for general purposes should require, I think, not longer than from 
8 to ro hours to set sufficiently for the application of the second 
coat. 
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2. Method of Application. The method of application I 
consider a very important element. No matter how good the 
paint is, if not properly applied the results will be of no value, 
either in an accelerated or time test. This question of proper 
application in practice is one which I think the Committee should 
seriously consider and for which proper recommendations should 
be made. In applying a paint to a surface, we can readily deter- 
mine its working qualities, and the range of temperature for which 
it is adapted. 

3. Adhesion. Adhesion is a very important factor. A coat- 
ing that will not adhere to a surface is of no value. This is readily 
determined by a mere scraping of the paint with a sharp instrument. 

4. Elasticity. This quality allows the paint to adapt itself to 
the surface under varying conditions of temperature. The sim- 
plest test for this is a scraping of the paint film, noticing whether 
it peels in long strips or flies off like fine dust. 

5. Porosity. After all other requirements have been fulfilled, 
if the paint film is of a porous nature, it is absolutely of no value. 
Without doubt, this is the most important of all tests, and one 
concerning which we can as yet get no conclusive result. Num- 
berless tests have been suggested and tried, but with such varying 
results that little or no light has been thrown on the subject. The 
tests should be made after the film has been thoroughly aged and 
hardened. Probably the best is the alternate wet and dry exposure 
test, using sheet-iron saucers for evaporation. 

6. Chemical Analysis. After testing 2 paint for its drying 
qualities, the engineer should determine the constituents of the 
coating by a chemical analysis. The results of his analysis will 
enable him to judge in a measure the probable wearing qualities 
‘of the paint. 

M. H. WickHorst.—In making exposure tests of paint 
samples our practice is to paint pieces of glass, 6 by 8 inches, with 
one, two and three coats respectively, and expose them on the roof, 
facing south at an angle of 45° to a horizontal. This we think is 
about as severe a test as we could make under natural weather 
conditions. 

It would be very desirable if some artificial weathering test 
could be devised that would be identical in its effects with natural 
conditions, but we have yet to discover such a test. 
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THE A. WILHELM COMPANY, REPRESENTED BY C. T. DAVIEs. 
—Where time is limited, we consider the chemical work by far the 
most important. Much information as to the wearing qualities 
and intrinsic value of paint can be thus obtained. 

We presume, however, that it is not the intention of the Com- 
mittee to collect data as to chemical methods for analyzing paints, 
and we shall therefore confine ourselves to methods for making 
physical tests. If data as to chemical methods for analyzing paint 
are desired, we shall be pleased to furnish our views as to what 
we consider the ideal methods. 

Physical Tests. Methods that will eliminate all possible 
errors, atmospheric and local conditions, and influences from 
surfaces over which the paint is applied, should be used. To 
accomplish this, where comparative results are desired, we would 
make all tests on glass, being careful to have the glass thoroughly 
clean and free from moisture. This will insure a surface that is 
at all times uniform, and one that will have no chemical or physical 
action on the paint. 

In connection with this test, we would likewise suggest that 
exposure tests be made on wrought and cast iron, being careful to 
have the metal thoroughly pickled, cleaned and dry before applying 
the paint. The results secured in this way, however, we do not 
consider sufficiently trustworthy for definite conclusions, nor suffi- 
ciently accurate for comparative purposes. 

The ideal physical tests are those that will produce the same 
results at all times and in all places, no matter by whom made, and 
that may be definitely formulated.. These may be classified as 
follows: covering capacity, fineness, fading, general appearance. 

1. Covering Capacity. This should be expressed in figures, 
and we would suggest the following method that we have employed 
with success: Coat the surface with the paint to be tested. If 
“‘ready-mixed,” use as received; if in paste, or semi-paste form, 
thin with a fixed amount of oil and the necessary amount of japan 
todry. When this coating is dry, stripe with a flat paint of opposite 
color, say for a black, red, brown or any dark-colored paint, use a 
standard zinc oxide; and for white, gray, etc., use a standard black. 
When the flat stripes are dry, cover the surface with a second coat 
of the paint to be tested. Then take the paint, if black, red, brown, 
or dark color, and dilute with the standard zinc oxide until the 
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shade of stripe is matched and the covering can be expressed in 
terms of zinc oxide. If white, gray, etc., match color with the 
standard black, and express results in terms of black. 

2. Fineness. Opinions differ as to whether fineness can be 
best determined by a test for opacity or a test for ability to hold in 
suspension. We incline to the latter, and know of no better method 
of determining this than that suggested by Dr. C. B. Dudley in his 
specifications for freight-car paint for the Pennsylvania Railroad 
Company, dated May 23, 1893, from which we quote: ‘“ The pig- 
ment of the paste must be so fine that after having been separated 
from the oil and freed from moisture, and then thoroughly mixed 
again with pure raw linseed oil, which has also been freed from 
moisture, in the proportion of one part oil to one part pigment by 
weight it will stand the following test, viz: Place a small amount 
of the above mixture on one end of a strip of dry glass, set the strip 
vertical where the temperature is maintained at 70° F., and allow 
it to remain undisturbed for half an hour. The mixture runs down 
the glass in a narrow stream, and if the pigment is fine enough, the 
oil and pigment do not separate for at least an inch down from the 
top of the test.’’ Excepting, however, when the test is to be made 
general, and not restricted to one class of paint, the amount of oil 
used should be inversely proportionate to the gravity of the pigment. 

3. Fading. Apply two coats of the paint on glass, and when 
thoroughly dry, cover one-half of the surface with dark paper, 
protecting same with tin. Expose the glass to the action of the 
elements and remove the covering from time to time and note the 
difference in shade. 

4. General Appearance. By no means least in the order of im- 
portance is the general appearance of the finished surface. The paint 

‘may be fine, cover well, show very little change of color, pass all 
chemical tests, and still show an unsatisfactory finish. This may be 
caused by an improper method of manufacture, an excess of dryer, 
or the use of an aged paint that has become fatty before applying. 

The general appearance can be determined by painting over 
first coated work, and noting the surface; if not homogeneous and 
shows a tendency to sag, the paint has either been spoiled in manu- 
facture, or has become fatty with age. If drawn or shriveled, the 
paint has not been properly applied, or an excess quantity of dryer 
has been used. 


Mr. Sabin. 


A. H. Sasrn.—I supposed there would be a full written dis- 
cussion of this subject, and I had hoped that we would have the 
report of the committee which is, in itself, a very full discussion, 
in the hands of the Society at this time. The report is not a report 
as a single paper which all of the members signed or agreed to, 
because a committee like ours can not be expected to agree to very 
many things on the paint question, so each member wrote his own 
report. While we all agree that impermeability to moisture is one 
of the necessary conditions which must be satisfied by an effective 
coating, I think that we also agree that no protective coating has 
that quality to perfection. Oil films, as is well known, are some- 
what porous, and we tend to secure freedom from porosity by 
superimposing one film on another after the lower one is thor- 
oughly dry. I, with some others, think that varnishes are less 
porous than oils, but even these are somewhat porous and they 
must be treated in the same way; that is, they must have several 
successive coatings. 

I believe that a coating practically impervious to water may 
be obtained by applying melted asphaltum or something of that 
kind, but it is impractical to do this on a large scale. We have 
at various times heard a great deal about the imperviousness of 
Portland cement, and some attempts are now in progress to make 
a protective coating by actually putting Portland cement on the 
metal. This process offers many difficulties, however, and is in 
a comparatively early stage of development. I doubt if any one 
will say that very successful results have been yet reached. I 
think some of those who have been experimenting with it believe 
that it is useful; it isa matter of which I personally know but little. 

It is, however, not only necessary that a coating shall be 
impervious to moisture when it is put on, but that it shall be 
impervious after it has been on for some months. I think that, 
as a rule, railroad people who have perhaps more systematic 
painting to do than anybody else, would be reasonably satisfied 
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if a paint on ordinary bridges would stand three years and be in Mr. Sabin. 
fairly good condition at the end of that time. Comparatively little 
paint is in really good condition on steel bridges at the end of three 
years. Bridges are not usually repainted oftener than once in 
three years, but many of them are left—in fact, I think, most of 
them—until they are in pretty bad condition. On the other hand, 
all paint men who make good, reliable paint can show bridges 
which have been painted five, six, and seven years, and sometimes 
ten years, which are in excellent condition. Now, there must be 
some reason for that. I think that paint men all agree that it is 
largely due to the proper condition of the metal surface to which 
the paint is applied, and to the careful and skilful application of 
a sufficient amount of paint under favorable conditions. 

The surface scale should be removed and the metal cleaned, 
if possible, to the actual metallic iron. This can be done either 
by pickling, before the structure is erected, or by the sand-blast, 
and both methods are somewhat expensive. In some cases the 
sand-blast, at least, is impracticable because it cannot be applied 
in some places. Last year the Northwestern Railroad undertook 
to repaint its train shed at Chicago and to clean it first by means 
of the sand-blast. The passengers made so much complaint about 
the dust about the station that it had to be given up. It is a 
matter of common experience that steel which has been cleaned 
perfectly bright rusts quickly and easily, and the paint must be 
applied immediately after the cleaning is completed. It is very 
difficult to get that done. In damp air, and especially by the sea, 
steel will show a perceptible change in color in two or three hours, 
and that is a pretty short time for painting. It is known, however, 
that we sometimes get excellent results without sand-blasting or 
-pickling. The purple scale which is on the iron as it comes from the 
rolls will in part easily scale off, but some of it adheres with the 
greatest tenacity. That which can be scaled off should be gotten 
off at once, but the thin, closely adherent film scale is a good sur- 
face to paint on. Most bridges that have shown great durability 
have been painted on such a surface, for there has not been any 
appreciable amount of sand-blasting or pickling done in this 
country, and I think it a good surface to paint on; but rust is not 
a good surface. 

That thin, closely adherent mill-scale is an anhydrous oxide 
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of iron, practically similar to magnetic oxide; it contains no 
chemically combined moisture, and from its structure it does not 
hold uncombined water, which latter is still more objectionable. 
On the other hand, common rust is not only a hydrated oxide, 
but it is a spongy substance, which condenses and holds atmos- 
pheric moisture mechanically; it contains also other iron salts, 
the carbonate being probably always present; and other salts may 
be. Thus, sulphurous acid gas from the use of coal is one of the 
most common causes of corrosion, and where it is present there 
will be sulphate of iron in the rust, and sometimes other salts. 

The consumer holds that it is not practicable to clean the iron 
beyond a certain point; and what he wants is paint that can be 
applied to a rusty surface and give good results, which is out of the 
question under those conditions. 

It seems to me that one of the things which this Society might 
reasonably investigate would be the relative value of paint sprayed 
on and paint put on with a brush. Practically there is very little 
bridge work that is done by means of the spray. It is a much more 
rapid process than the brush, but there is a good deal of waste of 
paint in spraying parts like rods and bars, and small pieces in 
general, because you miss a good deal more than you hit, and 
the paint floats off in the air and is lost. For that reason it is not 
more economical than the brush. On practically all structural 
metal the paint is applied with the brush, but there is a vast differ- 
ence in the way in which it is applied. The paint should be applied 
with a good brush. An immense amount of paint on structural 
work is put on with five-, six-, seven- and eight-inch brushes—fiat 
brushes like whitewash brushes. You get over a lot of surface 
in that way and it appears that you get a pretty good coating if 
you do it carefully; but I believe that a round brush or oval brush 
is the only proper thing to paint with—a good stiff brush with which 
the paint can be rubbed into the surface of the metal thus getting 
rid of the air film. There is always a film of air on the surface 
of the metal and it is necessary to get rid of all air-bubbles and get 
the paint in contact with the metal as closely as possible. That 
means work on the part of the men who apply the paint, and that, 
in turn, means a good foreman and careful inspection. There are 
several railroads that have gangs of men who do nothing but 
paint, and who are under the continual supervision of competent 
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foremen. These men understand that they have got to do their mr. sabin. 
work well and they take pride in it; and on such roads the bridges 
always look well. 

The proper cleaning of the surface and the careful application 
of the paint, especially the coating that goes on first, are of more 
importance than the quality of the paint as long as it is fairly good. 
There are plenty of reasonably good paints on the market. There 
is of course a difference in paints, and it would be desirable for 
this Society to work out a scheme, if possible, by which the differ- 
ences in paints may be discovered. But it would be far more 
practicable to work out a method of emphasizing the fact that the 
proper cleaning of the surface of the metal and the proper applica- 
uion of the paint are of primary importance. 

I have been talking as though the question of painting applied 
to structural metal only. As a matter of fact, a hundred times as 
much paint is put on wood as on metal. People who paint on 
wood know that if they don’t get the surface in reasonably good 
‘condition the paint will not stick, and the average quality of paint- 
ing on wood is vastly better than that of painting on metallic sur- 
faces. 

From a chemical standpoint, I think, one difficulty in oil paint- 
ing is the dryer. I think this should be a low-temperature dryer 
of which you can not add more than a small percentage and have 
it produce proper drying effects in the oil. There are two classes 
of dryers; one which may be called a self-drying dryer, and the 
other a non-self-drying dryer. The self-drying dryer is a liquid 
which, if spread out on a glass plate, will dry to a hard film by 
itself; but there are other dryers which, if spread out by them- 
selves on a glass plate without any mixture of oil, will not dry to a 
* hard film, but will make a greasy film, and that is the kind of 
dryer which gives the best results in an oil paint. In any paint 
the percentage of dryer should not be too large. I do not believe 
that ordinary oil paint or varnish should dry in less than say 
twelve hours to be dry enough to handle, and I don’t think that 
another coat of paint should be put on in less than a week, and 
better a couple of weeks. I know that there is a difference of 
“opinion about that, a difference, I may say, which is chiefly between 
the consumers, or a certain portion of them, and the paint men. 
Most of the manufacturers object to the use of a very quick-drying 
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paint; but some consumers insist that they have got to use it, and 
that simply means they will use it. I don’t believe that permanent 
results will ever follow from the use of any ordinary paint, such 
as ordinary oil and varnish paints now in use, unless they are given 
a good deal of time to dry. 

The fact is seldom appreciated that the film of one, two or 
three coats of paint is only three- or four-thousandths of an inch 
thick. . It is unreasonable to expect a piece of steel which without 
protection will rust away in five years to a depth of perhaps three- 
eighths of an inch to be preserved indefinitely by putting on two- 
or three-thousandths of an inch of paint. The thinness of the paint 
film is-its great weakness, because it is liable to be abraded or 
scraped off. Often this can not be helped, and for that reason 
there are many places where I don’t think paint is of very much 
value, or ever can be. Some other means of protecting these 
places must be devised by covering them with cement or doing 
something else to protect them. For example, in the case of a low 
viaduct under which locomotives pass with their smoke-stacks 
within a few inches of the metal there is a sand-blast action. Such 
a structure can not be protected with paint. In repainting railroad 
bridges the paint is sometimes blown off in places before it becomes 
dry. It is put on as a liquid not supposed to give protection until 
a dry film is formed, and it is blown away before that. The engi- 
neer should be blamed for putting paint in such a place. He 
should devise something else to put there. When tests are made 
by putting paint on such places, the results are of absolutely no 
value to anyone. 

THE PReEsIDENT.—I am sure we have all been very much 
interested in what Dr. Sabin has said. It has been our belief for 
a long time that the methods of application and the preparation 
of surfaces had a great deal more to do with the value of paints 
than is commonly supposed, and we are confident that much of 
the poor results which we have obtained in the painting of steel 
cars on the Pennsylvania Railroad have been due to improper 
application of the paints and to mixing inferior materials with 
those paints to facilitate their application. 

Upon one point I cannot agree with Dr. Sabin, namely, the 
long time which he asks for between coats. This is simply imprac- 
ticable for two reasons: First, because in the two weeks which 
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he wants for painting a car the car will earn ten times as much as The President. 
it costs to paint it, and it would be bad policy consequently to hold 
the car out of service simply for the sake of the paint. But the 
second reason is still more important, namely, steel cars are made 
at the rate of one hundred a day, and to allow each car twelve days 
for painting would require storage room for 1,200 cars, and there 
is not enough track room around any car works to accommodate 
such a number of cars. Finally, our own experience does not 
indicate that rapid drying is detrimental to long life of paint. In 
regard to the test which we propose, namely, a little spot of dex- 
trine on glass, which is to be painted over, and then the glass put 
in water to see whether the water gets through and softens the 
dextrine underneath, causing the paint layer to peel, we would 
like to say again, as is said in the report, that this test is based on 
the supposition that if we can keep water away from the surface 
with a layer of paint it will not corrode. The test is too new to 
enable us to draw any important conciusion, but we cannot help 
feeling that it may contain a germ of value. One point I should 
like to mention, namely, we have struck a difficulty with this test 
which we do not yet know how to overcome. It looks as though 
paints could not be applied to any surface with a brush, without 
leaving air-bubbles in the layer, which air-bubbles do not disappear 
during drying, and there is an indication that the water gets in 
through the ruptured air-bubbles. Up to the present time we 
have discovered no means of overcoming this difficulty, and would 
be glad of suggestions. As confirmation of the view that air- 
bubbles are in paint always, and are the means by which water 
gets through the layer, it may be sufficient to call attention to the 
fact that corrosion, especially on car sides, is usually spotted, a 
.good deal more in one place than in another. If the layer of paint 
is equally pervious to water all over, why should not the action be 
uniform? Possibly there were air-bubbles at the beginning of 
each of these spots. It has been proposed to overcome the diffi- 
culty of air-bubbles by repeated coats, and it is possible that the 
value of two- or three-coat work may be explained in this way. 

In regard to cleaning surfaces, we are hardly able to follow 
Dr. Sabin, believing that there is no evidence that if everything 
detachable is removed from a surface, it is essential to have the 
surface cleaned down to the metal. The old idea that hydrated 
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oxide of iron parts with a portion of its oxygen, and then takes up 
more oxygen from the surface, has never appealed to us, and we 
do not think there is any evidence that this action takes place- 
Closely adhering rust is all right to paint over, according to our 
ideas. 

One or two points more: Some very satisfactory results in 
preventing corrosion have been obtained in painting the Jersey 
City trainshed by Mr. L. H. Barker, the engineer in charge. The 
method consisted in cleaning the surface of readily detachable 
material, covering it with a coat of adherent material, paint or 
asphaltum, or any other adherent material, then covering the 
surface with parafline paper, taking pains at the laps, then painting 
the paraffine paper with paint of the color desired. ‘Two years” 
experience with this method shows very satisfactory results. — 

What Dr. Sabin has said in regard to mechanical injury, I am: 
sure none of us can fail to agree with. A coat of paint will not 
stand the hammer. 

W. C. DuComp, JR.—In connection with the use of paraffine 
paper, I should like to say that paraffine itself is sometimes used 
to preserve the fracture of specimens from rust, especially if the 
fracture is to be submitted as evidence in court. The paraffine 
is melted and the broken pieces are covered with it until such time 
as it is desired to use the pieces, then the paraffine is melted off, 
leaving the fracture ‘as bright as when the specimen was tested. 

G. W. THompson.—This report will prove of very great value, 
because it brings together the opinions in a true state of the various: 
members of the committee, some of them connected with the 
manufacturers of paints and some with the use and testing of 
paints. No matter how just and careful, intelligent and honest 
any man is, he is more or less biased by his vocation; and when 
we get opinions from any man, no matter who he is, those opinions: 
must always be taken with a grain of salt. The importance and 
value of this report will be not so much in the opinions as in the 
suggestions and statements of fact. Unfortunately, we have more 
or less of a tendency to generalize too much. If, when we gener- 
alize, we state the facts on which our generalization is based, then 
others can judge whether we are correct or not. 

The question of the protection of iron and steel, has in many 
cases been approached in an entirely wrong attitude. That is 
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pointed out, I think, in that part of the report in which it is said mr. Thompson 
that no protective coating can be said to be satisfactory under all 
conditions. There are some conditions where the changes of temper- 
ature are great, and what will do in one place will not do in another. 
So it is of the greatest importance that architects and engineers 
should understand all about the various paints which they are 
going to use, and the conditions to which they are to be exposed. 
I should like to ask Dr. Dudley in regard to his dextrine test, 
whether he has thought at all of the possible point of the dextrine 
being dissolved in the oil of the paint? Linseed oil will, under 
some conditions, dissolve carbon-hydrates. If dextrine is taken up 
by the oil it would be natural that the paint when placed in water 
would allow this dextrine to dissolve and so allow the water to 
reach the surface underneath. 
THe PRESIDENT.—The action of dextrine and oil has not been The President. 
investigated, at least not by us. 
C. N. Forrest.—In regard to air-bubbles, I have noticed that mr. Forrest 
such bubbles are always present when glass is coated with paint, 
whether this contains pigment of any kind or is on the order of a 
varnish as Dr. Sabin has described, so the relation between the 
glass and pigment can hardly influence this fact. 
A properly made varnish paint will flow more freely than one 
containing pigment, and when glass is coated with such a paint 
it will be observed that nearly all of the air-bubbles escape within 
a few minutes after it is applied. 
Varnishes drying by evaporation, rather than by oxidation, 
possess a further advantage in that the second coat always disturbs 
the previous one to a slight extent, thus permitting a further and 
practically complete el of all bubbles, and the filling of the 
‘space occupied by same with more desirable material. 
This feature of certain bituminous paints or varnishes doubt- 
less accounts for their superiority as protective coatings for iron 
or steel, and their greater capacity to resist the action of water than 
drying oil paints possess in the dextrine test on glass which has 
been mentioned by our President. 
I. H. Woorson.—I wish to say a word about the dextrine Mr.Woolson. 
problem. I haven’t had very much experience in the line of testing 
paints, but I found on making an investigation the same difficulty 
that Dr. Dudley referred to. I thought I might overcome the 


Wi u eon, 


President, 


Joorhees, 


President, 
Voorhees, 
Boynton, 

President, 


Boynton, 


President, 


MeNaughs 
N 


170 Discussion ON Report oF ComMITTEE E. 


difficulty by using postage stamps pasted on glass, since the paper 
would protect the dextrine from injury by oil or water. I made 
only a few experiments, and of those two or three were failures, 
but the others were successful. 1 wish to throw out the idea as a 
possible solution to the difficulty under discussion. 

Tur Presipent.—We usually put the test glasses in water 
and let them stand over night. Most paints containing linseed oil 
will peel the next morning under this test. Some of the bitumen 
paints will stand forty-eight hours, and but for the doubt as to 
whether the layer itself is permeated, or whether it is the air-bubbles, 
we should feel as though we were on firm ground. 

S. S. Voornerrs.—I would state that I had occasion to test 
some paint recently, and having heard from Dr. Dudley that none 
of the paints they had tried had been dried for a period of more 
than a week, | allowed the paint on these panels of glass to dry forty 
days, and after immersion in water for about a hundred hours, 
it was shown that the film was impervious and that no peeling oc- 
curred. I think that would indicate in this case that the air-bubbles 
were not the cause of any water getting through. 

Tue PrRestpent.—Did you apply two or three coats ? 

Mr. Voornrrs.—Three. 

C. W. Boynron.—-I should like to ask Dr. Dudley how the 
glass was prepared and how the paint was applied in his tests. 

THe Presipent.—We use a small soft, flat brush, about one 
and a half inches wide, for painting. 

Mr. Boynron.—-My thought was that the air-bubbles might 
be eliminated by floating glasses. 

Tue PrestpeNt.—We tried floating glasses and found in the . 
operation of stirring up the paint to get it uniform that some air 
got into the paint and we still got air-bubbles. It has been pro- 
posed to use gelatine capsules instead of glasses, plunging them 
into the paint, and allowing the excess to run off, with the expecta- 
tion that the air-bubbles would be carried with it. The gelatine cap- 
sules are then put in water, and if the water gets through the layer 
the capsules will collapse. ‘This method has not yet been tried. 

Matcourm McNavuerron.—lI should like to ask how far you 
would take this test as an indication of the value of the different 
paints against corrosion, regardless of other tests, or could it be 
made regardless of other tests ? 
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THE PRESIDENT.—This is only one of the steps in the study The Presiden 
of the problem. If we could get a paint which would stand this 
test it would be, we think, a decided step forward, and other 
features could then be studied. 

Mr. McNaucuron.—I asked that because it occurs to me M" McNaugh 
that in the greatest number of cases in my experience, corrosion 
follows the destruction of the paint layer, rather than taking place 
underneath it. 

J. J. Sauman.—I should like to ask an expression of opinion Mr. Shuman. 
as to the advisability of using raw oil for the first coating of iron 
or steel. We have a series of records extending over several years 
which show that paint applied to the bare metal produces much 
better results than the same paint applied over boiled oil. 

C. M. Mirrs.—I would state that I have had a few oppor- Mr. Mills. 
tunities to observe the effect of coating bridge material with linseed 
oil at the shops. I have noticed that the material became rusty 
after exposure to the weather before erection. In the cases 
noticed the material had been shipped a long distance, so that 
it was several weeks after shipment before the material come 
under my notice. 

I had no opportunity to ascertain the quality of oil used, and 
am under the impression that it was raw oil. I do not believe that 
rusting before the first field coats are applied after erection will be 
prevented by coating with oil at the shops, unless the time elapsing 
between the coating with oil and the field-painting is short. It 
appears to me that the delays incident to the erection of material, 
by which it remains exposed to the weather, and often under very 
unfavorable conditions, makes the oiling at the shops, as a rule, 
injudicious, and that paint would be far preferable. 

T. D. Lyncu.—I should like to suggest one point, namely, the Mr. Lynch, 
detrimental effect that may be due to the acids in the oils. 

Experience teaches us that in the protection of electrical 
apparatus it is essential to have no acid in any oil, paint or varnish 
where they come in contact with the insulation. It is found that 
the slightest amount of acid will attack the insulation and copper. 
In view of this fact, why may we not expect a similar action on iron 
or steel when acid is present in the coatings? Quite recently I had 
occasion to coat a large shaft with tallow and white lead. The 
shaft was polished before coating, thus presenting a surface easily 
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attacked. After six weeks the coating was removed and, although 
the shaft had not been removed from a dry building, it was covered 
with rust over nearly its entire surface. 

These are simply suggestions, but it appears to me to be of 
vital importance to have protective coatings free from acid. 

Max. WickHorst.—I have been listening to the discussion 
eager for information. In making exposure tests there is a great 
deal of difficulty in getting results in any sort of reasonable time. 
I have found that we can hasten results and make pretty fair com- 
parative tests by covering glass with one coat of paint, and then 
examining its condition with a magnifying glass. Thus we can 
sometimes get results in a few weeks which would otherwise take 
as many months, or perhaps extend over two years. 

It is my practice in making these tests to expose ‘the sample 
on the top of a roof at an angle of about forty-five degrees facing 
south, so as to get the full effect of the sun. I should like to dis- 
cover some method that will not take even a few weeks. I should 
like to reduce the time to a few hours, and possibly to make a test 
of this sort with the films themselves. 

Mr. Sasin.—I wish to add just a word. I think Dr. Dudley 
and I do not differ substantially in matters of theory. Dr. Dudley 
says that if you have an impervious film over your coating of oxide 
that the oxidation will not proceed any further. Of course I agree 
perfectly with that, but I started out by saying that there is no such 
thing as an impervious film. 

In practice the films are not entirely impervious, and for that 
reason the surface of the metal must be thoroughly cleaned and 
prepared, and the oxide must be removed; and I reiterate the 
assertion, that the vast majority of manufacturers agree in saying 
that the durability of paint depends more on the preparation of 
the surface and the application of the material than on the kind 
of paint, so long as it is good paint. 

Dr. Dudley says you have got to use six or eight-hour paint 
on steel cars. That may be true. But even so, you could use 
fourteen-day paint perfectly well and get through with it in a day, 
if the cars were run into a moderately hot oven. I don’t believe 
in high-temperature baking for paints; but ordinary oil paint can 
be dried in a temperature of 200° to 250° F. in a very few hours. 
And as to the matter of providing a plant for baking two or three 
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hundred steel cars, it is a simple thing. If there is enough of such mr. 
work, the cost of the plant will disappear in a very short time. We 
have done a great deal of bigger work than that in the way o 
baking painted steel. Of course it is going to cost a little more 
at first, but it might be economical in the end. 
THE PRESIDENT.—The question of building ovens in which The President. 
to dry the paint on cars has been discussed, and it looks as though 
there might be some favorable outcome. Rapidity of drying is 
not the only thing which would be accomplished by drying in ovens. 
James Curistrr.—With reference to accelerated tests for Mr. Christie. 
paint, I would say that in our works it has been customary for 
several years, in addition to the usual acid tests, to have an abra- 
sion test, effected by sand falling from a certain height, and noting 
the time it takes to remove the paint. This may not be new, but 
I mention it as being useful. We consider it one of the most 
useful of comparative tests for paint. 
W. A. AIKEN.—In the case of the rapid transit work, all heavy Mr. Aiken 
material, such as roof beams, is always painted, but we have 
found out by tests on a limited scale, that this is not necessary in 
our reinforced concrete walls and the reinforced roof of the Brook- 
lyn extension. Where the specifications call for metal therein to 
be oiled at the shop we do not coat it at all now. 
A. L. Jounson.—I have embedded rods, that had been mr. Johnson. 
exposed in a warehouse for two years, and were of course more 
or less rusty in test specimens, which when broken later showed 
no signs of rust on the bars or concrete adjacent thereto. 
I should not object to any rust on metal unless it were suf- 
ficient to produce a scale which would prevent the mortar or 
cement getting under it. If the steel columns of a building were 
exposed in a yard for two months before erecting the building, 
without any protection at all, the scale would be a serious matter; 
and it should be removed before the columns are concreted. But 
if it is merely a matter of rust stain which can be wiped off with 
the finger, I am sure there is not the slightest probability but what 
the alkalinity of the cement will totally destroy that amount of rust. 
Two years ago the Turner building in St. Louis, a steel struc- 
ture, was taken down to give place to an addition to the building 
adjoining. The floors were of concrete arches. The beams had 
been painted with red lead when erected twenty years before. 
The paint was in a perfect state of preservation. 
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Since the sixth meeting of the Society and in accordance with 
the plan outlined at that meeting, your committee has carried on 
correspondence and conducted research in order to obtain infor- 
mation to serve as a basis for future experimentation. 

Correspondence has been had with various commercial and 
technical laboratories with reference to the methods of testing 
employed; form of samples used and means of obtaining and 
method of preparing the same. 

It is the opinion of the committee that a comparison of 
results of tests by a number of investigators in as many labora- 
tories, using different methods, would be of interest and value, 
and steps have been taken to secure the co-operation of these as 
follows :— 

Obviously the length of time required to test a single specimen 
in the numerous laboratories throughout the country would be 
prohibitive, and again each laboratory appears to use a particular 
method and test piece. 

For the guidance of the committee and those who are to 
co-operate with it, your committee has endeavored to conduct 
during the year, research bearing upon a standard method of 
magnetic testing. 

As the accuracy of nearly all methods of making magnetic 
determinations depends upon a comparison with some standard 
method, it has seemed desirable to exploit to some degree the 
methods of making absolute determinations. 

The most common, and in the hands of a skilled operator, 
the most reliable method of making absolute determinations of 
magnetic data is the use of a ballistic galvanometer. It appears 
also that the Rowland ring method is that most commonly used 
in connection with the galvanometer. 

Experiments have been conducted with a view to obtaining 
information concerning :— 

1. The accuracy of different methods of standardizing the 

instrument. 
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2. A comparison of results obtained using specimens of 


varying size. 


3. The possibility of obtaining samples of the same quality 


from a single casting. 


4. A detection of possible errors in the method. 

Specimens Used.—For this purpose a flat platé of steel 14 
inches thick and 14 inches in diameter was obtained. This plate 
was cast horizontally in the mold in order to secure as uniform 
a density as possible and was used in the unannealed condition. 
From this plate were cut two sets of four concentric rings, 7. e. the 
plate was split in halves and from each half were cut four rings 
of the same cross-section and the following dimensions :— 


Cast Steel Ring No. ra. 


Outer Diam: ; .... to0.18'Cmy 
Mean Diam ..... 8.58 Cm. 

DP nickness:. .)... aren. 1.60 Cm, 

Cr, Sect. Area, ... 2.572Sq.Cm. 
Primary turns, .. 154 


Secondary turns, . 50 tor. 


Cast Steel Ring No. 2a 


Outer Dia...) TO. rOe Ome 
Mean Diam. ..... 14.59 Cm. 
SThickness <1,\e5- cas 1.574 Cm. 
CEASE, ATER. < ~ c%. 2.472Sq.Cm. 
Primary Turns .. 286 


Secondary Turns . 50 tor. 


Cast Steel Ring No. 3a 


Outside Diam. ... 22.19 Cm. 

INT CAT NS ea ,.(etieee 20.61 Cm. 

pe RICKNESS: «2s 1,02 Cmy 
Cresec; Areas... 2.561 Sq. Cm. 
Primary turns ... 451 


Secondary turns. . 50, toia. 


Cast Steel Ring No. 4a 


Outside Diam. ... 28.24 Cm. 
NMGare As or. Neti ate 26.65 Cm, 
PDIGKNOSE 40/06: «i 1.601 Cm. 
Cr. Sec. Area..... 2.619 Sq. Cm, 
Primary Turns .. 592 


Secondary Turns . so tor. 


Cast Steel Ring No. 1b. 
Outer Diam. . 10.212 Cm. 


Mean Diam. ..... 8.601 Cm. 
Ahickness each 1.616 Cm. 

Cr. Sect. Area 2.598 Sq. Cm. 
Primary turns, .. 153 
Secondary turns, . 50 to 1. 


Cast Steel Ring No. 2b. 


Outer Diam. .... 16.193 Cm. 
Mean Diam. ..... 14.601 Cm. 
aLDICKMESS: hee =a 1.590 Cm. 

Cr SecsArea. <6 2.537 Sq. Cm. 
Primary Turns .. 293 


Secondary Turns. 50 to1. 


Cast Steel Ring No. 3b. 


Outside Diam. ... 22.19 Cm. 
Mean Diam. ..... 22.61 Cm, 
Thicknessienes. oc) t.62 Cm. 

Cr SecwArea’ Gn...) -20§750g. Cm: 
Primary turns ... 450 
Secondary turns. . 50 tor. 


Cast Steel Ring No. 4b. 


Outside Diam. ... 22.19 Cm. 
Mean? 2.48 ge 20,6x Cnt, 
Titehness 5 sarc 1.62 Cm, 
Crosec. Area cx, <<): 2.575 Sq. Cm. 
Primary Turns .. 450 


Secondary Turns . so to Zz. 
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Each ring was wound uniformly with one layer of No. 18 
B. & S., double cotton covered wire over a layer of insulating tape 
lapped one-half. This constituted the primary winding. Over 
this winding was placed a secondary coil of 50 turns. The 
insulation between the primary and secondary windings con- 
sisted of a layer of mica and the latter winding was composed of 
No. 36 double silk covered German silver wire; German silver 
being used in order that changes in the temperature, on account 
of its low temperature coefficient, might not affect the resistance 
of the secondary circuit and consequently the results. 


INES ade 


As shown in Fig. 1,* the several rings were mounted on suitable 
bases and the terminals of the primary and secondary windings 
connected to binding posts. For reasons which will be discussed 
further on, the secondary winding was connected in the following 
manner :— 

Taps were made at the end of the rst, 2d, 3d, 5th, roth, rsth, 
2oth, goth, goth and soth turns and carried to small binding 
posts connected with mercury cups as shown in Fig. 2. A second 
row of mercury cups was placed opposite the first row and between 


* Acknowledgment is made to the Electrical World and Engineer for 
the cuts used in this report.—Ep., 


{ 
; 


; 
. 
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these was connected a resistance equal to that winding contained 
between the opposite pair of terminals. The connection was 
completed by means of a copper clip connecting opposite columns 
of mercury. It will be seen that this method makes possible the 
use of a variable number of secondary turns without altering the 
resistance of the secondary circuit, which enables. the operator 
to keep the deflections of the galvanometer within the range of 
the instrument, for increasing flux densities, by using a lesser 
number of secondary turns. 

To guard against the criticism that the lack of homogeneity 
in the steel casting might account for the difference in the results 
obtained from tests of the samples described above, 4 rings were 
made of approximately the same dimensions as the steel rings, 
built up in the following manner: 

A quantity of soft steel ribbon $ inch wide, .or of an inch in 
thickness was obtained. This ribbon was cold rolled from nearly 
pure iron and the surface was bright and smooth. The rings 
were built up by winding the strip metal until a ring was obtained 
of approximately the same cross-section as the cast Steel samples, 
as shown by the following table of dimensions. These rings were 
given a winding similar to that placed on the cast specimens:— 


Laminated Ring No. 1¢, Laminated Ring No. 2¢, 
without trsulation. without tnsulation 
Outer Diam. .... 9.894 Cm, * “Guter Diam. .... 15.872 Cm. 
Mean Diam. ..... 8. 6or Cm, Mean Diam, ..... 14.590 Cm. 
Thickness ....... 1.269 Cm. Thickness o. ....- r.269 Cm, 
Gr. Sec. Area. .... x. 612 Sq. Cm, Gr. See. Areas... 1.585 Sq. Cm. 
Primary Turns .. r62 Primary Turns .. 307 
Secondary Turns . 50 to x. Secondary Turns . 50 to 3. 
Laminated Reng No. 3¢, Laminaied Ring No. 4c, 
without insulation, without insulation. 
Outer Diam. .... 21.872 Cm. Outer Diam. .... 27.922 Cm. 
Mean Diam. ..... 20.610 Cm, Mean Diam. ..... 26.650 Cm. 
Thickness ....... r, 269 Cm, Thickness . ... 2... 1.269 Cm, 
Cr, Sec. Area... .. r. 6x2 Sq. Cm. Cr. Sec. Area... .. 1.612 Sq. Cm. 
Primary Turns .. 447 Primary Turns .. 588 
Secondary Turns . 50 to x. Secondary Turns . 50 tor. 


A third casting of cast-steel was obtained and rings were cut 
from this with dimensions as given in the following table:— 
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Ring No. 10. No. 20. No. 30. No. 40. 
Ogiside Diana... tent ee 9-892 15.164 20.183 25-39 
Mean iamiany. tom cctreatioy 8.6 13.88 18.84 24.1 
GriiSection, qe wcstadiis ala se TAB te fT 1.8371 1.8307 1.8852 
No. of Primary Turns,..... 181 303 448 588 
No. of Secondary Turns, .. 600 600 600 600 


A primary winding of No. 16 B. &S., double cotton covered 
wire placed on the specimens and a secondary winding of 600 
turns, with taps at the 5th, roth, 15th, 25th, goth, 75th, 125th, 
200th, 300th, 4gooth, and 600th turns, was wound. 


} 
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A large number of secondary turns was employed in order to 
necessitate the use of a high resistance in series with the galvano- 
meter when the whole number of secondary turns was in use, for 
reasons which will be brought out later. §) 

From the cast-steel plate were cut two bars 1o inches long 
which were turned to a diameter of .575 inch. These bars were 
tested in a direct reading magnetic testing apparatus shown to 
the left in Fig. 1. This gives a comparison between the Rowland 
ring method and the results given by the apparatus. 


: 
; 
; 
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The Galvanometer.—The galvanometer used was of the 
D’Arsonval swinging coil type, the suspensions of which were 
lengthened to 34 feet each, to reduce the effect of torsion. The 
resistance of the galvanometer coil was approximately 900 ohms. 
The usual accessories in the way of telescope, commutator, etc., 
were provided. ; 

Standardizing A pparatus.—For standardizing the instrument 
a solenoid was constructed consisting of a core of hard red fiber 
187 centimeters in length and 3.82 centimeters outside diameter. 
This coil carried a primary winding of 1520 turns of No. 18 B. &S., 
double cotton covered wire. The secondary winding of the coil 
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Fic. 3. 


consisted of 2000 turns of No. 36 B. & S., double silk covered 
wire wound in two layers over a length of 6 inches at the middle 
of the coil. 

A set of standardizing coils was also made in the following 
manner :— 

After the cast steel rings were machined to size, a paraffine 
mold was made from each ring, and from each mold a plaster- 
of-Paris ring was cast, which received a primary winding similar 
to that of the specimen and a secondary coil of 600 turns. The 
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apparatus was connected as shown in Fig, 3. Current was taken 
from a storage battery to insure steadiness and its value indicated 
by a standard Weston ammeter. 

The Tests—The galvanometer was adjusted to a period of 
24 seconds; each ring was thoroughly demagnetized before 
taking observations and the instrument standardized before and 
after each test, using the solenoid and plaster-of-Paris ring of the 
size of the specimen under test, Each value determined was the 


result of 8 or more readings. 
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The completed test was carried through on each specimen 
maintaining the resistance of the secondary circuit constant the 
readings of the instrument being kept within range by the use of a 
variable number of secondary turns. When the test by this 
method had been completed, the specimen was demagnetized 
and tested a second time using the total number of secondary 
turns and varying the secondary resistance to keep the readings 
of the instrument within readable range. 


wo fe 
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The value of H, the magnetizing force in Gilberts per centi- 
meter, was calculated from the equation 


_47 Ni 
ion 


where H is the magnetizing force in Gilberts per centimeter, 

N is the number of primary turns, ; 

I is the primary current in amperes, 

L is the mean length of the magnetic circuit in centimeters, 
equal to the mean circumference in the case of a ring 
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The value of B, the maximum density in gausses was calcu- 
lated as follows:— 

(a) With constant secondary turns and variable secondary 
resistances. 

_ 4mn,n' ai, R.D 

i OA Toad 


_4mnn’a 
aosk hs (aq) ® = 
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Where n = number of secondary turns in the standardizing 
coil. 
number of primary turns per centimeter on the 
standardizing coil. 
a = cross sectional area of standardizing coil. 
T. = the number of secondary turns on the specimen. 
ry = the resistance of the secondary circuit during 
standardization, 
i, = current in the primary of the standardizing coil. 
the area of the specimen in sq. cm. 
the secondary resistance during test. 
= reading of the galvanometer during standardiza- 
tion. 
D = reading of the galvanometer during test. 
(b) With variable secondary turns and constant secondary 
resistance. 


3, 
I 


ll 


a > 
\ 


P i D 
B=4rnn/‘a G =) Ty 

Since the secondary resistance is constant during the test and 
the secondary winding of the standardizing coil may be left in the 
circuit at all times, the factors Rg and rz become equal and dis- 
appear from the equation. 

(c) Constant secondary resistance, variable secondary turns. 
and plaster ring calibrating coil, 


a pp 
B=4rnn G — 7, 

In this case the cross sectional areas of the specimen and the 
calibrating coil, as well as the resistances R, and r., are equal and 
disappear from the equation. 

Results.—The results were calculated with great care and the 
curves plotted as shown in Figs. 4, 5, 6, 7, and 8. 

In each case these results indicate a very wide range in the 
results obtained by the different methods of standardizing as. 
well as between the tests made using constant and variable secon- 
dary resistances. It is clear that the standardizing solenoid using 
a variable secondary resistance gives in each case the highest 
values. 


ec aT. ey 
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This is due to the reduction in the damping of the galvano- 
meter with the increased secondary resistance required at the 
higher densities. The coil of the instrument swinging in the 
magnetic field acts as a small electric generator tending to drive 
the current through the secondary circuit. This current reacts 
upon the magnetic field and tends to stop the motion of the coil. 
The greater the secondary resistance, the smaller will be the 
current set up by the motion of the coil, and consequently a reduc- 
tion in the damping effect. ‘This makes the galvanometer more 


Kilo-Gausses 


Fic. 6. 


sensitive as the higher resistances are introduced and gives results 
- which are too high. 

Singularly, the calibrating ring consistently gives results 
which are lower than the average and which differs from those 
given by the standardizing solenoid by as much as 36 per cent. of 
the former. 

It is interesting to note that in every case the results by the 
calibrating solenoid with variable secondary turns and constant 
resistance curves, No. 1, Figs. 4, 5, 6 and 7, gives results which 
check very closely with the tests of the straight bars under similar 
conditions as shown by curves No. 4 of the same figures. 
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When accurate tests of carefully prepared specimens made 
by the same operator give results which vary as widely as those just 
referred to, the need of a standard method of testing is apparent. 

There is no doubt but that the use of a constant secondary 
resistance, which may be effected by using a variable number of 
secondary turns, or by a key which will throw the galvanometer 
on open circuit as soon as the charge is passed, will result in 
results of much greater accuracy. 
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Fig. 8 gives the results obtained from similar tests of the 
four rings, Nos. 10, 20, 30 and 40, and shows a wide variation, due 
perhaps to the different size of rings and a variation in the quality 
of the metal in the casting from which the rings were cut. No. 40, 
the larger ring, giving results which depart widely from those 
obtained from the other three. : 

The results from tests of the two sets of four rings cut from 
a steel casting indicate that variable results may be obtained by 
using rings of different sizes, the smaller rings giving the lower 
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values. The results from the smallest ring differ from that of the 
largest by 14 per cent. of the former. 

Possible Errors in the Method oj Testing —In the process of 
these investigations several probable sources of error were noted, 
some of which have already been mentioned. 

(1) Changes in the sensitiveness of the instrument due to 
change in damping effect. 

(2) It was found that the insulation between oe primary and 
secondary windings should be very high, even if electro-motive 


o 
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forces of low value are employed. Shellac, varnish, tape or any 
substance which will be affected by heat and thereby cause a 
reduction in the resistance should not be used. 

If the secondary winding is placed over the primary in a 
single layer, there is a difference of potential impressed upon the 
secondary circuit and the resistance between the primary and 
secondary, equal to the drop in that portion of the primary winding 
which is covered by the secondary, and unless the insulation 
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between the primary and secondary windings be of high value 
and permanent in character, a current will be set up through the 
galvanometer due to leakage. This current, of course, will be 
very small and cannot be detected by ordinary instruments. Ifa 
sensitive galvanometer, however, be used it is detected by a per- 
manent change in the zero reading of the instrument so long as 
the current is flowing in the primary of the coil. This change of’ 
zero increases as the primary current is increased and shifts from 
right to left, or vice versa, when the primary current is reversed. 

This error may enter in the standardization of the instrument 
due to leakage in the standardizing coil or in the actual test of the 
‘specimen when the insulation between its windings is imperfect. 

In the winding of a solenoid, the error may be eliminated by 
winding the secondary in two layers, bringing both ends at the 
same point. The leakage into the two layers of winding will then 
be ineffective as no difference of potential will exist between the 
ends of the secondary coil. 


REPORT OF COMMITTEE H ON 
STANDARD TESTS FOR ROAD MATERIALS. 


The Committee on Standard Tests for Road Materials respect- 
fully reports the following: 

This Committee was appointed subsequent to the last annual 
meeting of the Society. It held its first meeting on February 8 
last, for the purpose of organization. Of those invited to serve on 
this Committee, eighteen have accepted. The following Sub-Com- 
mittees were appointed: 

(1) Macadam Tests. 

(2) Asphalt Tests. 

(3) Wood Paving Blocks. 

(4) Road Building Problems. 

The only sub-committee which has reported is that on Mac- 
adam Tests. This sub-committee has a number of tests under 
investigation, among which specifications for the abrasion test for 
macadam rock were presented to the committee at its meeting, on 
June 17, and accepted, and are now offered to the Society for adop- 
tion. It is hoped during the ensuing year that sufficient data will 
be accumulated from investigations, now being conducted, to frame 
specifications for several other important tests. 

The specifications for the abrasion test are as follows: 

This well-known test is similar in almost all respects to the 
Deval abrasion test of the French School of Roads and Bridges. 
‘It has been used since 1878, and is entirely satisfactory for the 
purpose for which it was designed. 

The machine shall consist of one or more hollow iron cylin- 
ders; closed at one end and furnished with a tightly fitting iron 
cover for the other; the cylinders to be 20 cm. in diameter and 
34 cm. in depth, inside. These cylinders are to be mounted on a 
shaft at an angle of 30° with the axis of rotation of the shaft. 

At least 30 pounds of coarsely broken stone should be avail- 
able for a test. The rock to be tested should be broken in pieces 
as nearly uniform in size as possible, and as nearly 50 pieces as 


x3 
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possible should constitute a test sample. The total weight of 
rock in a test should be within ro grams of 5 kilograms. All test 
pieces should be washed and thoroughly dried before weighing. 
10,000 revolutions, at the rate of between 30 and 33 to the minute, 
must constitute a test. Only the percentage of material worn off 
which will pass through a 0.16 cm. (1-16 inch) mesh sieve should 
be considered in determining the amount of wear. This may be 
expressed either in the per cent of the 5 kilograms used in the test, . 
or the French coefficient, which is in more general use, may be 
given; that is, coefficient of wear=20 X ae “W” being 
the weight in grams of the detritus under 0.16 cm. (1-16 inch) in 
size per kilogram of rock used. 
Respectfully submitted, 
LoGAN WALLER PAGE, 
A. N. JoHNson, Chairman. 
Secretary. 


SPECIFICATIONS FOR STEEL RAILS OF THE AMERI- 
CAN RAILWAY ENGINEERING AND MAINTE- 
NANCE OF WAY ASSOCIATION, AS AMENDED 
AND ADOPTED IN MARCH, 1904. 


Wits Inrropuction By Wiirram R. WessterR, Chetrman. 


As a matter of record I desire to present to the Society a copy 
of the Specifications for Steel Rails, as amended and adopted by 
the American Railway Engineering and Maintenance of Way 
Association last March. These specifications differ from those 
adopted by this Society mainly in the following points: 

First. A drop test is required from each heat of steel instead 
of one from every fifth heat. 

Second. The height of drop for rails 65 pounds and over has 
been increased to—18 feet for 65 to 75-pound rails, 20 feet for 75 to 
85-pound rails, and 22 feet for 85 to roo-pound rails, instead of 
17 feet, 18 feet and 19 feet, respectively. 

Third. The standard length has been increased to 33 feet, 
with shorter lengths by even feet down to 27 feet, instead of 30 feet 
and 24 feet, respectively. 

Fourth. A clause has been added regulating the finishing 
temperature. 


STANDARD SPECIFICATIONS FOR BESSEMER STEEL RAILS. 
1. (a) The entire process of manufacture and testing shall be in 


to conform to the following instructions: 

(6) Ingots shall be kept in a vertical position in the pit heating 
furnaces until ready to be rolled, or until the metal in the interior has 
time to solidify. 

(c) No bled ingots shall be used. 

(d) Sufficient material shall be discarded from the top of ingot to 
insure sound rails. 


accordance with the best current practice, and special care shall be taken Manufacture 
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2. Rails of the various weights per yard specified below shall conform 
to the following limits in chemical composition: 


50 to 50 60 to 60 o to 70 8o to 89 90 to ro0 

Pounds. Pounds. ounds. Pounds. Pounds. 

Per cent. | Per cent. | Percent. | Per cent. | Per cent. 
Carbon :....... 22.005 4eeee++] 0.35-0.45 | 0.35-0.48 | 0.40-0.50 | 0.43-0 53 | 0.45-0 55 
Phosphorus, shall not exceed . 0.10 0.10 0.10 0.10 0.10 
Silicon, shall not exceed ..... 0.20 0.20 0,20 0.20 0.20 
Manganese ............¢.++| ©0.70-1.00 | 0,.70—1.00 | 0.75—-1.05 | 0,80-1.10 | 0.80-1.10 


3. One drop test shall be made on a piece of rail not less than four 
feet and not more than six feet long, selected from each blow of steel. 
The test piece shall, preferably, be taken from the top of the ingot. The 
rail shall be placed head upwards on the supports, and the various sections 
shall be subjected to the following impact tests under a free falling weight; 


Weight of Rail. Height of Drop, 


Pounds per yard. Feet. 

45 to and including 55 1s 

STS SHA Hacc Ste. ce hens von a eee eA TN ms 65 16 
MOLe ChAT oe usrcrs anya ee pate epreat AoE OS a 75 18 
WEGve! Chen: fre tscehs sal eeh acco oe ER aie | ae fi 85 20 
Dire CH Gat SPs 5 oan, sia naiwede aude oe wie nie ses as 100 22 


If any rail break when subject to the drop test, two additional tests 
will be made of other rails from the same blow of steel, and if either of 
these latter tests fail, all the rails of the blow which they represent will 
be rejected, but if both of these additional test pieces meet the require- 
ments, all the rails of the blow which they represent will be accepted. 

4. The number of passes and speed of train shall be so regulated 
that on leaving the rolls at the final pass the temperature of the rail will 
not exceed that which requires a shrinkage allowance at the hot saws of 
6 inches for 85-pound and 64 inches for 1o0o-pound rails, and no artificial 
means of cooling the rails shall be used between the finishing pass and the 
hot saws. The above shrinkage allowance may be varied, if necessary, 
so as to give a finishing temperature of not exceeding 1,600° F. at 
finishing rolls for mills rolling from reheated blooms and not exceeding 
1,750° F. at finishing rolls for mills rolling direct from the bloom to 
finished rail 

5. The drop testing machine shall have a tup of two thousand (2,000) 
pounds weight, the striking face of which shall have a radius of not more 
than five (5) inches, and the test rail shall be placed head upwards on 
solid supports three (3) feet apart. The anvil block shall weigh at least 
twenty thousand (20,000) pounds, and the supports shall be part of, or 
firmly secured to, the anvil. The report of the drop test shall state the 
atmospheric temperature at the time the test was made 
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6. The manufacturer shall furnish the inspector, daily, with carbon Chemical 
determinations for each blow, and a complete chemical analysis every 47# 78s. 
twenty-four hours, representing the average of the other elements con- 
tained in the steel, for each day and night turn. These analyses shall 
be made on drillings taken from small test ingot. 

7. Unless otherwise specified, the section of rail shall be the American Section. 
Standard, recommended by the American Society of Civil Engineers, and 
shall conform, as accurately as possible, to the templet furnished by the 
railroad company, consistent with paragraph No. 8, relative to specified 
weight. A variation in height of one sixty-fourth (1-64) of an inch less, 
or one thirty-second (1-32) of an inch greater than the specified height, 
and one-sixteenth (1-16) inch in width will be permitted. The section of 
rail shall conform perfectly to the finishing dimension. 


8. The weight of the rails will be maintained as nearly as possible, Weight. 
after complying with paragraph No. 7, to that specified in contract. A 
variation of one-half (4) of one per cent for an entire order will be allowed. 

Rails shall be accepted and paid for according to actual weights. 


9. The standard length of rails shall be thirty-three (33) feet. Ten Length. 
per cent of the entire order will be accepted in shorter lengths, varying 
by even feet to twenty-seven (27) feet. A variation of one-fourth of an 
inch in length from that specified will be allowed, and all No. 1 rails less 
than 33 feet shall be painted green on the end. 


ro. Circular holes for splice bars shall be drilled in accordance with Drilling. 
the specifications of the purchaser. The holes shall accurately conform 
to the drawing and dimensions furnished in every respect, and must be 
free from burrs. 

11. Rails shall be straight when finished, the straightening being done Finish. 
while cold, smooth on head, sawed square at ends, variation to be not 
over one thirty-second (1-32) of an inch, and prior to shipment shall have 
the burr occasioned by the saw cutting removed and the ends made clean. 
No. 1 rails shall be free from injurious defects and flaws of all kinds. 

12. The name of the maker, the weight of rail and the month and Branding. 
year of manufacture shall be rolled in raised letters on the side of the web, 
and the number of blow shall be plainly stamped on each rail, where it 
* will not subsequently be covered by the splice bars. 

13. The inspector representing the purchaser shall have free entry Inspection. 
to the works of the manufacturer at all times when the contract is being 
filled, and shall have all reasonable facilities afforded him by the manu- 
facturer to satisfy him that the finished material is furnished in accordance 
With the terms of these specifications. All tests and inspection shall be 
made at the place of manufacture prior to shipment. 

14. No. 2 rails will be accepted up to five (5) per cent of the whole no 2 Rails 
order. Rails that possess any injurious defects, or which for any other 
cause are not suitable for first quality, or No. 1 rails, shall be considered 
as No. 2 rails; provided, however, that rails which contain any physical 
defects which impair their strength shall be rejected. The ends of all 
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No. 2 rails shall be painted white in order to distinguish them. Rails 
rejected under the drop test will not be accepted as No. 2 rails. 
Respectfully submitted, 
Wo. R. WesstTER, Chairman, Consulting and Inspecting Engineer, Phila- 
delphia, Pa 
‘R. Montrort, Vice-Chairman; Chief Engineer, Louisville & Nashville 
Railroad, Louisville, Ky. 
F. E. Assort, Inspecting Engineer, Illinois Steel Company, Chicago, IIl- 
G. BouscarEn, Consulting Engineer, Cincinnati, O. 
S. M. Fetton, President, Chicago & Alton Railway, Chicago, Ill. 
Rosert W. Hunt, Consulting Engineer, Chicago, Ill. 
J. T. Ricwarps, Chief Engineer, Maintenance of Way, Pennsylvania Rail- 
road, Philadelphia, Pa. 
R. TrimBieE, Chief Engineer, Maintenance of Way, Northwest System, 
Pennsylvania Lines, Pittsburg, Pa. 
G. B. Woopworty, Rail Inspector, Chicago, Milwaukee & St. Paul Rail- 
way, Chicago, Ill. 
Committee. 


CHANGES IN THE SPECIFICATIONS FOR MATERIAL 
AND WORKMANSHIP FOR STEEL STRUCTURES, 
EDITION OF 1903, AS APPROVED BY THE AMERI- 
CAN RAILWAY ENGINEERING AND MAINTE- 
NANCE OF WAY ASSOCIATION AT THE ANNUAL 
MEETING, MARCH 16, 1904. 


By J. P. Snow. 


At the request of the Secretary I beg to present the following 
changes in our specification* as presented before you at the Sixth 
Annual Meeting, held at Delaware Water Gap in 1903, with 
reasons therefor. The new reading only is here given. 

Paragraph 2. The chemical and physical properties shall 
conform to the following limits: 


Elements Considered. | Structural Steel. | Rivet Steel. Steel Castings. 


| 
( Basic) 0.04 per cent. 0.04 er cent. 0.0 er cent. 
Phosphorus Max. { Acid ) 0.08 s | 0.04 a °. 08 . 
Suiphur Max. ......... / 0.05 a | 0.04 is | 0.05 7 
Ult. tensile strength ....| Desired | Desired | Not less than 
Pounds per sq. in. ..... 60,000 50,000 . 65,000 
Elong.: Min. cent in ; 
$ in. (FO95 5) iene hs asos.cocbs, U1 1,500,000 | 
|U Ult.tens. str. | Ult. tens. str. 
Elong.: Min. per cent in | | 
eine (EIS. Bp. conse ss 22 (iy Cee 18 
Character of fracture . Silky : Silky | Silky or fine 
‘| | granular. 


‘Cold bend without frac- 
ROPE ee 0... 6 Skee a xSo degrees Bath t8o degrees = go degrees. 


The yield point, as me uahenien e the drop of beam, shall be 
recorded in the test reports. 

The important change in this is: the reference to Figs. 1 and 2 
in n requirements for elongation. It was held that the original could 


*Proc, Am, Soc. Test. Mats., Vol. III, pp. 59-68. 
t See par. rz. 

¢ See par. rz, 13 and r4. 

§ See par. 15. 


200 SNOW ON SPECIFICATIONS FOR STEEL STRUCTURES. 


be made to mean that ordinary plates and shapes must be accepted 
if the specimens showed elongations of 22 per cent in 2 inches when 
what we desired was about 26 per cent in 8 inches. Reference to 
the figures is intended to restrict the 22 per cent elongation to pins 
and rollers. The addition of a heading was thought to make the 
paragraph more consistent with the reading of the rest of the 
specification. 

Par. 9. Material which is to be used without annealing or 
further treatment shall be tested in the condition in which it comes 
from the rolls. When material is to be annealed or otherwise 
treated before use, the specimens for tensile tests, representing such 
material, shall be cut from properly annealed or similarly treated 
short lengths of the full section of the bar. 

The results of annealing small test specimens is so unsatis- 
factory that a short length of the full section of the bar was pre- 
scribed as an improvement. It would be desirable to cut the 
specimen from a bar annealed in the regular bridge shop annealing 
furnace, but the tests here prescribed should be made at the rolling 
mill, wheresuch furnaces are not in use, and it seemed an unwar- 
rantable waste of material to require a full-length bar to be annealed 
from which to cut a small specimen. The phrase “properly 
annealed”’ was used to bar out special treatment in a muffle. 

Par. 13. Full-sized material, for eye-bars and other steel 
1 inch thick and over, tested as rolled, shall bend cold 180 degrees 
around a pin the diameter of which is equal to twice the thickness 
of the bar, without fracture on the outside of the bend. 

As originally written, this paragraph, read in connection with 
9, might allow specimens for bending to be annealed before testing. 
This was not intended, and the words ‘‘as rolled”’ were inserted to: 
prevent this interpretation. 

Par. 16. The clause, “‘ Plates 36 inches in width and under shall 
have rolled edges,” was added to the original. This explains itself. 

Par. 33. The last clause was changed to read: ‘Holes in 
flanges of rolled beams and channels used in floors of railroad 
bridges shall be drilled from the solid. Those in webs of same 
shall be so drilled or sub-punched and reamed.” 

The original allowed holes in flanges of rolled beams and 
channels to be sub-punched while the revision requires such holes 
to be drilled from the solid. 


COMPARISON OF THE SPECIFICATIONS FOR AXLES 
AND FORGINGS, PROPOSED BY COMMITTEES 
OF THE AMERICAN RAILWAY MASTER MECHAN- 
ICS’ ASSOCIATION, AND THE AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS, WITH THE STAND- 
ARD SPECIFICATIONS ADOPTED BY THE AMER- 
ICAN SOCIETY FOR TESTING MATERIALS. 


By H. V. WItte. 


The American Society for Testing Materials has been strongly 
urging the adoption of Standard American specifications. This 
result can only be obtained by cooperation with other societies. 
But after formulating their specifications the American Society 
have done very little for the furtherance of this purpose. The 
American Society of Mechanical Engineers and the Master 
Mechanics’ Association are considering the question of forgings, 
but each Committee has worked independently of the other 
with the results that we now have more specifications than ever- 

In an attempt to harmonize these differences the Chairman 
of the Master Mechanics’ Association made an effort to secure 
a joint meeting of the Chairmen of the Committee on Forgings 
of the different societies, and this meeting was attended by 
Prof. Spangler of the American Society of Mechanical Engineers, 
Messrs. Vauclain and Pomeroy of the Master Mechanics’ Asso- 
ciation and by the writer. 

It was conceded to be desirable that the American Society 
of Mechanical Engineers and the American Society for Testing 
Materials specifications for high steel and the Master Mechanics” 
specifications for steel axles and locomotive forgings should 
correspond, inasmuch as the synopses of specifications attached 
to the American Society for Testing Materials specifications 
for forgings show that outside of the United States Government 
the railroads and builders of locomotives are the most extensive 
users of this grade of steel. 

In order to place the makers of basic and acid steel upon 
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an equal footing, it is also desirable either to raise the limit for 
phosphorus without any reference to the method of making 
the steel, or give the basic makers a lower limit and the acid 
makers a higher one. The standard American practice, how- 
ever, appears to be to place the limit on phosphorus and sulphur 
at about 0.05 without regard to the method by which the steel 
is made. 

4 The following statement shows the difference in the pro- 
posed specifications of the different societies: 


A. R.M.M. A. A.S.T.M. | Og 
a Fee 
& Pee) 
i | ae 
ra “ | 3 xe 
ee ~ | ¥ “9 
oe < a) a ie Bey 
oes - Q e 3 pie e 
< A oa fy a 
WINOSPHOLUS sy. «:+1+)e)e | 0.04 0.05 0.05 0.04 0,06 0.05 
rojeiholoneirke an sey Ose money) 0.05 0.05 0.04 0.06 0.05 
IEAM PANGS r nakalysls\eiser | iulstomiake 0.60 GROOi a Mhunnsusrstarc mreincene lon 0,60 
Tensile strength 80,000 | 80,000 | 80,000 | 80,000 | 80,000 | 80,000 
Elongation, percent .. 18 20 51) HS 22 18 20 
Reduction of area ...| 35 a5 hw B85 BSc allisancaatenyy 25 
Bending 1 by }in. test) 180° | None | None 180° 180° 
over | OVER hc wet over 
rin. | rin. | batons 
dia, | | dia. | dia. 
| | 


This compromise would require the following changes in 
the various specifications: 

American Society of Mechanical Engineers. —Phosphorus and 
sulphur raised from 0.04 to 0.05; a limitation of 0.60 on the 
manganese; elongation raised from 18 /per cent to 20 per cent 
in 2-inch sectién; reduction of area reduced from 35 per cent to 
25 per cent. 

Master Mechanics’ Association.—Reduction of area reduced 
from 35 per cent to 25 per cent and the addition of a bending 
test. 

American Society for Testing Materials.—Steel Axles. Phos- 
phorus and sulphur reduced from 0.06 to 0.05; manganese. 
limited to 0.60; elongation raised from 18 per cent to 20 per 


WILLE ON SPECIFICATIONS FOR AXLES AND FORGINGS. 203 


cent, reduction of area of 25 per cent and a bending test speci- 
fied. Forgings. Phosphorus and sulphur raised from 0.04 to 0.05; 
limitation of manganese to 0.60; elongation reduced from 22 per 
cent to 20 per cent and reduction of area from 35 per cent to 
25 per cent. 

The manganese is limited because experience indicated that 
steel is less liable to fail by fatigue when the tensile strength is 
secured by additions of carbon rather than by manganese. 


ALLOY STEELS. 


By WrtttAM METCALF. 


The term Alloy Steels is used chiefly to distinguish steels con- 
taining influencing quantities of metals other than iron, from the 
ordinary steel of commerce known as carbon steel, in which iron 
and carbon are the influencing elements for use, other elements 
being considered more as impurities than as useful ingredients. 
There are three kinds of carbon steel of universal use, Crucible, 
Bessemer, and Open Hearth. Their discussion does not belong 
properly to our subject, but it may be observed that they contain 
small quantities of phosphorus, sulphur, silicon, and manganese, 
as well as oxygen, nitrogen and hydrogen. Copper and arsenic 
are present sometimes, but not so generally or in such quantity as 
to require the careful analyses that are necessary for other ingre- 
dients. Certain small percentages of silicon and of manganese 
are often regarded as useful for special purposes, but not in such 
quantities as to justify their giving any specific name to the steel. 

From time to time we have had put upon the market Silicon 
Steel, Phosphorus Steel, Chrome Steel, Aluminum Steel, none of 
which have won any permanent place in commerce. 

Of permanent Alloy Steels, we have Nickel Steel, Manganese 
Steel, Self-hardening or Air-hardening Steel, and the latest, the new 
variety called High-Speed Steel. 


NICKEL STEEL. 


Nickel Steel containing comparatively small percentages of 
nickel is used chiefly for structural purposes, giving increased 
strength and toughness: it has been applied mostly to armor plates 
and gun parts, and lately it is being tested largely in rails to deter- 
mine whether the increase in durability in difficult places will justify 
the greater cost over ordinary Bessemer or open-hearth rails. 


MANGANESE STEEL. 


Hadfield’s Manganese Steel is unique; hard, tough, non- 
magnetic, non-hardening by quenching, non-annealable by any 
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known method, practically unmachineable, it stands by itself; 
there is nothing to compare it to, nor to test it by. It is finding 
large use for a number of special purposes. 


SELF-HARDENING, OR AIR-HARDENING STEEL. 


This steel derives its name from the fact that when it is heated 
to any orange color and allowed to cool slowly in the air it becomes 
exceedingly hard. Some years ago it was known generally as 
Mushet Steel from the fact that its first development was due to 
the distinguished metallurgist whose name it bore. The usual 
composition of this steel is about 2 to 3 per cent Manganese, 4 to 6 
per cent Tungsten, and carbon high. 

The distinctive, persistent hardness of manganese steel indi- 
cates that it is manganese that gives this steel its so-called self- 
hardening property: this was confirmed many years ago by Lang- 
ley, who found that steel high in carbon, containing about 4 per 
cent tungsten and minute quantities of manganese, had no self- 
hardening property, and that the same steel remelted so as to 
contain 3 per cent manganese became an excellent self-hardening 
steel. Langley next showed by his beautiful emery-wheel test, that 
tungsten is the element that acts as a mordant to hold the carbon 
in solution at a high temperature, giving this steel its most valuable 
property, that of remaining hard at a comparatively high tem- 
perature, so that a tool made of it could be used for cutting metals 
at a high speed, the tool continuing to do its work at a temperature 
caused by the enormous friction of the high speed, that would 
soften completely and render useless the best carbon-steel tool that 
could be made. This very useful variety of steel has a large place 

‘in the markets, being used for many purposes where its peculiar 
properties give it great value: it is being rapidly overshadowed, 
however, by the latest and most surprising steel of all, known as 


HicH-SPEED STEEL. 


Air-hardening steel as a rule is not tough, that is to say, if it is 
made tough it will not be very hard, the edge of a tool will flow: 
and when it is so hard that it will not flow, then it is so brittle that 
it will crumble easily, and this limits its usefulness. A few years 
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ago at the Bethlehem Steel Works, some person, whether he was. 
a blunderer or a genius history does not say, revolutionized the 
whole machine business. 

Either by design or accident he heated a tool made 
of air-hardening steel until it was nearly melted, and accord- 
ing to the traditions and teachings of the ages the tool was ruined 
utterly. 

Again, either by accident or design this ruined tool was put 
into service, and to the amazement of everybody it did an unheard- 
of amount of work. This led to farther experiments and tests, and’ 
the Taylor-White process was developed: this process consisted 
in heating a tool excessively hot and cooling it by successive 
stages, producing a tool that would cut at enormous speed for 
metal work and take off chips that developed enough heat to 
blue them. The process was patented, and therefore it is not 
necessary to go into a long explanation here, especially as it has 
been superseded. 

The process seems to have been uncertain, that is to say, when 
a tool was handled just right it produced results that were wonder- 
ful, and when the manipulations were not exactly right the results. 
were nil. 

The potentialities were so great that nearly all of the leading 
steelmakers in the world attacked the problem, with the result that 
the present high-speed steels are in no sense of the word air-harden- 
ing. Manganese has been reduced from 3 to 4 per cent to 0.30 
per cent to traces, tungsten has been increased to 10 to 20 per cent 

“instead of the usual 4 to 6 per cent, and the carbon is generally less. 
than 1 per cent. 

There are about fifty different brands on the market, and of 
course each one is the best. Perhaps the analysis of two of the 
leading brands will be interesting: 


TLungstenyccs => oso ree. 9-99 18.48 

Chesce ee Teese eee ee 2°83 2.90 

OS ie sees Sere ty Se -60 -79 

Ps eee ees hctereet te hea -o1o0 Not determined. 
Sao! oF Pecos eee 2010 = s 
Sisnainetee ore Tracests iF g 


Mo.,. scadeerstss dauee ‘t 333 
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Another contains: 


Moly Doe. deere ie ae etal coe 9.65 
Chromite Acct ee ae ae nisl ls 0.00 
RAD Ene Anas bende ees ae a -66 
Beste ors ak Sys OS IRE TR CRE rath en -0L6 
SIE coun eee ae ee MEN Ra trceieo Vane RS "2046 
Vitae deco. tree eee ec echt ee -22 


In one sense, it is chaos; all traditions as to heating are com- 
pletely reversed, and no one really knows what is the best. One 
brand is famous for its excellence in one kind of work, another 
in another kind: no one brand yet seeming to cover all of the 
ground. 

One thing is certain, the machine business is revolutionized, 
these tools have crowded ordinary lathes, planers, drills, etc., away 
beyond their capacity, machine builders are remodeling their 
machines to meet the new conditions, and many of the users are 
throwing out their old machinery for the new, or else remodeling: 
and strengthening what they have. 

There are many records published of the work done by this. 
steel, giving speed per minute, feed, depth of cut, etc., so that it is. 
not necessary to repeat them here. A few illustrations of what can 
be done may be interesting. 

In one case a couple of steel cast bed-plates about 4 ft. wide: 
and 9g ft. long were to be planed. There was nominally a half inch. 
to come off, but the unevenness of the casting made the cut about 
one inch in places. The surface was hard and gritty from the sand 
of the mold. Several tools were tried, each one going about half 
an inch, and then having to be reground. Next one tool cut about 
two inches without grinding. Finally, a tool was tried that had 
turned up a large, rusty, cast-iron pulley, without grinding, and it 
cut clear across the bed-plates and was still in good condition for 
farther work. It is clear that the cost per pound of that tool cut. 
no figure. 

Another party had a great many castings to thread; with dies. 
made of the very best carbon steel, he could at moderate speed 
thread from 2,000 to 3,000 pieces without grinding. With dies. 
made of high-speed steel, and with his machine running as fast 
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as he can drive it, he threads from 20,000 to 30,000 pieces without 
grinding. 

Another party turns many pieces of hard brasses, and found 
it difficult to get a tool that would cut them at all until he tried the 
right high-speed steel and made a tool that would cut all day with- 
out grinding, running his lathes at the highest speed he could get. 

The same party bores many cast-iron cylinders, and with tools 
made of steel that would not cut his brass, he bores eight to ten 
cylinders without regrinding, and at a speed so great that the 
cylinders come out too hot to be handled with the naked hand. 
He tried in his cylinders the steel that cut his brass so well, and it 
would only bore two to four cylinders without grinding. 

Another party drills 23-in. holes, 7 in. deep, in soft steel forg- 
ings, drilling a hole in about three minutes. The same steel will 
not make a good threading die for the same forgings, and for this 
he uses another brand. Neither of these steels will make a good 
lathe tool for turning these forgings, and for this work he uses a 
third brand. All of these brands upon analysis would come 
within the limits of the analyses given above. 

From all of this two things are clear: one is that there has 
been a marvelous, a revolutionary advance in the machining of 
metals; the other is that steelmakers have met the demand 
remarkably. 

It is also clear that we do not know yet where we are and there 
is much to be learned by everybody. The best methods of hard- 
ening may not have been found,—it seems that for very high speed 
work it is necessary to fairly melt the point of a tool and quench 
it in a strong air-blast and then grind to shape. This would not 
do for threading dies, milling cutters, etc., for the heat would 
destroy the tools. Such tools are finished from annealed bars. 
This high-speed steel can be annealed as nicely as carbon steel, 
differing in this respect from air-hardening steel. The finished 
tools are heated in a lead bath to 1,800° to 2,000° F. and are 
quenched quickly in ordinary tempering oil which must be kept 
cool by a coil containing circulating cold water. They are then 
tempered in a bath of heavy oil heated to about 450° F. The 
tools come out bright and clean and do their work wonderfully 
well. 

The steelmaker has the most to learn; he must find out why 
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there is such a great difference in the work the steel will do, when 
there is so little difference in composition. He must find the com- 
position, or mixture, that will come nearest to meeting all of the 
requirements. He has at command now, Ferro-Manganese, 
Ferro-Silicon, Ferro-Chromium, Ferro-Tungsten, Ferro-Molybde- 
num, Ferro-Vanadium and Ferro-Titanium. These alloys are 
all expensive, except the first two, costing from sixty cents to twelve 
dollars a pound; therefore the present prices of high-speed steel, 
which to some people seem to be of the fancy order, are really 
not excessive. 

As far as we know at present the steel-users have not 
succeeded in making tools that are satisfactory for finishing, 
and forthis purpose they resort to tools of carbon steel after 
having done the rougher, heavier work with high-speed steel. 
This difficult may be overcome by proper methods _ of 
hardening and tempering, or the steelmakers may find a com- 
position that will make a tool that is as good for finishing as for 
roughing. 

The successful production of the above-named alloys marks 
a great advance in metallurgy, and now that a demand has sprung 
up, it is certain that the supply will follow, with certainty and 
uniformity of composition and reductions of cost. 

The making and the utilizing of steel containing practically 
only carbon and iron, with some modifications made by the use 
of small quantities of manganese, silicon, tungsten and nickel, have 
occupied the best minds in the manufacturing and engineering 
world for many years. 

The last half of the nineteenth century saw most wonderful 
developments produced by the inventions of Bessemer and Siemens, 
aided by the skill and energy of the brightest engineering minds. 
At the close of the century it was customary to “‘point with pride,” 
and to assume that so much had been done and so much was 
known, that there was no room for more revolutionary changes, 
and the coming generation had only to tag-along, utilizing these 
great advances with ease and comfort to themselves, and with 
blessings upon their predecessors. 

Now, in the first five years of the twentieth century we older 
men find ourselves standing on our heads once more; a revolution 
has come already, and we can look forward to a splendid opening 
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for the exercise of the best energy and thought of the succeeding 
generation. 

We enjoyed the struggle and the gains of our time, and we can 
rejoice with the younger men in the prospect of the great triumphs 
that are to come for them. Clearly there is still plenty to do, and 
plenty to learn, and in the doing and learning there will be great 
pleasure. 


DISCUSSION: 


THE PRESIDENT.—While you are thinking what questions to The President. 
ask in regard to alloy steels, I will put on the board, the test of a piece 
of steel as follows: Tensile strength, 91,600 pounds; elongation, 
in eight inches, 214 per cent. 
That piece of steel was recently made in Altoona by the 
Thermit process, it being the sinking head in an attempt to weld 
an engine frame in place, by Thermit. The sinking head 
was forged out into a bar about three feet long and 1} inches in 
diameter, and gave the above figures on tensile test. The analysis 
was as follows: Carbon, 1.02 per cent., phosphorus, 0.07 per 
cent.; sulphur, 0.03 per cent.; manganese, 2.32 per cent.; 
Silicon, 1.23 per cent. 
You will note that this is another example of an alloy steel, 
the strength apparently being obtained by silicon and manga- 
nese, rather than with carbon as is customary. © 
H. H CAMpBELL.—An ingot about fifteen inches square of Mr. Campbell. 
that steel would have no blow holes, but there would be a central 
pipe through the whole length. It is perfectly easy to make an 
absolutely dead steel, but you will have holes from one end of the 
ingot to the other. In some cases a pipe will form under circum- 
stances that are difficult to explain; as for instance, the hole that 
often appears in the gate at the bottom of a bottom-cast ingot. 
That gate is cast under a head of steel of perhaps five feet and yet 
may have a hole in it through which you could put a straw if the 
hole were straight. In using too much aluminum or silicon a pipe 
will be produced. 
A. SAUVEUR.—It seems to me that no such sharp distinction mr. Sauveur. 
exists between ordinary self-hardening steel and high-speed steel as 
Mr. Metcalf describes in his interesting paper. These two classes 
of steel are, if not quite identical, at least very closely related. Ordi- 
nary mushet self-hardening steel may be converted into high- 
speed steel by suitable heat treatment. 
Wa. Mercarr.—I should like to confirm what Mr. Campbell Mr. Metcalf. 
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says. It is clear that he has had as much trouble with piping as I 
have, and anybody that runs into that knows what it means, and 
I sympathize with him. 

With respect to the difference between, or the distinction 
between air-hardened steel and high-speed steel, there is a distinc- 
tion. I stated twenty years ago that it is the manganese in air- 
hardening steel that gives it the peculiar property of hardening 
when cooled in air slowly, but when the manganese was taken out, 
and the tungsten left in, it had no air-hardening property at all. 
You could harden it by quenching, but not by laying it down in 
the air. 

I received a report to-day, and a very interesting one to me, 
oi a steel which contains some pretty high alloys, and very little 
manganese. The party stated they were afraid to use the 
steel. They heated it in the ordinary way and it was so soft it bent 
right over. Then they tried it at a little higher, but it would not 
cut. Then they heated it up as high-speed steel, and they found 
it was the best piece of steel they ever had. : 

There is a very sharp distinction between the two steels as they 
are known now and we should not confound them. Air-hardening 
steel contains such a quantity of manganese that you cannot very 
well soften it. It can only be annealed by keeping it at a good 
orange heat for twenty-four or forty-eight hours and then burying 
it in hot ashes in the same furnace, taking some twenty-four to 
forty-eight hours to cool it down; then it can be machined with 
great difficulty. But the high speed steel.is low in manganese, I 
have analyzed many samples, and and all of them contain from a 
trace Or no manganese to about three-tenths, and all of them 
contain from to to 2¢ per cent. tungsten, and they must be cooled 
suddenly from a very high temperature or they will not harden. 

High-speed steel is a perfect revelation. It is different in all 
its properties as to heat treatment and everything else from any- 
thing we have known before. It is beautiful to see, the blue chips 
coming off from a steel forging perhaps cutting a half inch deep. 
T have seen them curl off and furnish a beautiful illustration of what 
we call “temperature” colors, showing the most delicate straw 
color, shading off into brown, pigeon wing, and finally the blue. 
The successive temperatures that are caused by the heavy cut of 
the steel, bringing off chips of such beauty of color that there are 
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‘no jewels you could find in any of the stores that equal them. I Mr. Metcalf. 
don’t know of any self-hardening steel that would do that. 

J. A. Kinxeap.—High-speed tool steel will work at a red Mr. Kinkead. 
heat, the tool being at a red heat as it is cutting doing, work under 
conditions under which most steel will not work at all. 

Wa. Kent.—Mr. Metcalf mentioned vanadium-as one of the Mr. Kent. 

alloys. J remember a gentleman in the plow business fifteen years 
ago who had been buying steel plate to put in his plows, and he 
discovered their wonderful wearing quality,so he thought of making 
them himself, and he wrote me about putting up an open hearth 
furnace. J advised him to have the steel analyzed, and the chemist 
reported that it contained a considerable quantity of vanadium. 
I came to the conclusion that the iron from which the steel was 
made was an accidental importation from Sweden or Austria, and 
that the vanadium was probably the cause of the remarkable 
wearing quality. I never had occasion to follow the thing up. 
The man did not build his furnace. 

Mr. Sauveur.—I think, as Mr. Metcalf says, that the high-M Sauveur 
speed steel is a very wonderful metal, but after all the differ- 
ence which he has described, between it and self-hardening steel 
is a difference in degree and not in kind. He has just told us him- 
self that high-speed qualities could be imparted to self-hardening 
steel by heating it to a sufficiently high temperature. Indeed, 
this treatment of ordinary mushet steel led to the discovery of what 
is now known as high-speed steel—I want no more conclusive 
evidence of the fact that no sharp demarcations can be drawn 
between the self-hardening and high-speed steel. 

Mr. Mercarr.—I thought I made it perfectly clear that high- Mr. Metcalf. 
speed steel came first from the use of air-hardening steel, but it was 
found to be so uncertain that it was modified and changed until 
now instead of having five or more per cent. of manganese, all the 
steels I have had an opportunity of examining, contain from one- 
tenth to not more than three-tenths of one per cent. of manganese. 

In other words, they have taken out of the high-speed steel, the 
material that gives to air-hardening steel its property and its name 

Mr. Campsett.—lI think Mr. Sauveur makes an error in Mr. Campbell. 
saying it is a difference in degree and not in kind. We all know 
that up to I per cent. manganese is not injurious, and in cases of 
most steels, probably beneficial, but a content of from 1 to ro per 
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cent. is most decidedly injurious. ‘Twi pet cant. may be cali a 
limit for good steel, while over 3 per cent. the metal is perfectly ] 
worthless. From rz per cent. to ro per cent. the change is in degree, 
but above ro per cent. we begin to get manganese steel. From a_ 
content of r per cent. to a content of § per cent. there is nothing to 
lead any one to expect a change in properties if the percentage is 
increased, yet it is well known that with a content of from 12 to 14 
per cent. we have a most valuable metal which shows a difference 
in Kind and not simply in degree. It seems tome thatin thisease J 
also there is a difference in kind. | 
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A BRIEF REVIEW OF THE STATUS OF TESTING 
IN THE UNITED STATES. 


By Gaetano Lanza. 

When asked by the Secretary of this Society to make an 
address along these lines, I undertook the task with a good deal 
of hesitation, realizing that statistics ought to play a very promi- 
nent part in such an address, and that the time intervening between 
his invitation and the meeting was altogether too short to enable 
me to make them at all complete. 

I shall have, therefore, to ask your indulgence in this regard, 
and, although I have not been able to collect a set of sufficient 
completeness to publish in connection with this paper, I shall 
endeavor to base my remarks upon a series that will warrant any 
conclusions that I may draw. 

It seems to me that we may roughly divide the situation regard- 
ing testing into two periods, the first being that preceding 1875, and 
the second the last 25 or 30 years. During the first of these two 
periods comparatively little interest was taken im testing the 
strength of materials, at any rate, by the consumer; although the 
producer had, of course, to take an interest in the chemical and 
metallurgical questions arising, but comparatively little in the 
physical. 

The work of the British Commission, and of such Englishmen 
as Eaton Hodgkinson, Peter Barlow, Sir William Fairbairn, and 
ethers, which appeared in the neighborhood of 1840, attracted a 
considerable amount of attention in this country, and indeed, if 
we look over the files of the Journal of the Franklin Institute of 
that period, we find that by far the greater part of the articles pub- 
lished upon the physical properties of materials were either written 
by Englishmen, or had reference to tests made in England. The 
work of David Kirkaldy, published about 1860, which forced the 
attention of engineers throughout the world upon the importance 
of ductility in wrought iron and steel, had, of course, its influence 
in America, and tended to counteract the idea that tensile strength 
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was the only important item, this being especially true in the case 
of boiler plate. 

Notwithstanding these facts the number of engineers and 
others who required physical tests to be made, before accepting 
material for use in construction, was small, and a great deal of 
material was bought and sold by brands, based largely upon the 
general reputation of the firm producing it. - 

In the days of small buildings and small enterprises, when 
charcoal iron was easily obtainable, such a practice, although not 
to be commended, was less harmful than it would be to-day; and 
indeed, as late as 1883, I met with the case of an engineer of good 
reputation, who had had an extensive practice, ordering refined iron 
for a boiler, and not requiring any tests; and this for a building 
where the safety of hundreds of people was at stake, and who, 
though shown that the iron furnished, in that case, was excep- 
tionally poor, the fractured section exhibiting a variety of appear- 
ances, defended its use, claiming that he supposed it was the same 
as C No. 1. Fortunately for the occupants and frequenters of the 
building, he was overruled. 

The greater part of the testing performed during the period 
preceding 1875 was done either by or for the United States 
Government, and was mostly concerned with cast iron, as is shown 
in the researches of Major W. Wade and Captain T. J. Rodman. 
Next to that came such as was done by iron companies. 

In the case of timber a very considerable number of tests of 
small samples had been made by different persons, as Messrs. 
Trautwine, Haswell, Hatfield and others, as these were easy to 
make. Comparatively little of this work, however, has stood the 
test of time. 

The erection of the Emery testing machine of 800,000 pounds 
capacity at the Watertown Arsenal about 1875 marks, approxi- 
mately, the period when the importance of tests began to be more 
fully recognized, and this is the beginning of the later period. The 
spirit prevailing among engineers at the beginning of this period, 
the erection and operation of this machine, the establishment of 
the Government Commission, together with the increased interest 
in testing in European countries, all contributed to force the atten- 
tion of American consumers and producers upon the importance 
and value of tests. 
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The work of this second period—viz: from about 1875 to 
date—has been marked by constant improvement in methods, in 
specifications, and in investigations along these lines, as well as by 
a larger use of testing machinery. I am disposed to classify the 
testing of this period as follows, viz: 

1. Tests intended for the purpose of securing good material 
and reasonable specifications. 

2. Tests of full-sized pieces under the conditions of practice. 

3. Investigations made for the purpose of ascertainmg the 
law of variation of the different properties of a substance suc 
cessively. Such tests are so arranged that all other conditions 
remain constant, so that we may ascertain the law of variation of 
those under consideration. 

Methods of test required to obtain proper accuracy need, of 
course, to be carefully considered; and we must bear in mind that 
the degree of accuracy required in different cases or obtainable in 
different cases is different. 

Taking up these classes separately we haye: 

1. Tests of this class form the chief object of the work upon 
which our Society is engaged, and are intended to secure good 
material and reasonable specifications. Moreover, it is my belief 
that, in the pursuit of this object, as much credit is due to the 
manufacturers as to the engineers. The value and importance 
of this work has been ably set forth by many of those prominent 
in the work of the Society. Not only will it lead to a greater and 
greater realization of the importance of making tests and inspec- 
tions, but it will cause the engineer to insist upon reasonable speci- 
fications. Moreover, it will also cause the manufacturers to fur- 
nish good material, not only because of a better understanding by 


- the producer, and the consumer, of the work, and of the require- 


ments of the other, but also because the elimination of unreasonable 
and fantastic requirements will leave the producer free to devote 
his best energies to the production of good and structurally sound 
metal, and in addition it will become more and more difficult for 
the one who neglects these matters to find a market for his product 
at any price. It is unnecessary, however, to speak farther of this 
division, as it is so familiar to us all. 

2. The second division embraces the testing of full-size pieces. 
under, as nearly as possible, the conditions of practice, and this is 
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the one that is of the greatest importance to the engineer. More- 
over, although the producer may not, at present, realize that he is 
specially interested in this class of tests, he will soon come to such 
a realization, inasmuch as it is a fact that a knowledge of the 
behavior of material when put into actual service must necessarily 
be the final court to which must, perforce, be referred the value 
of any specifications that may, at any time, be adopted, and hence, 
that the results of this class of tests will inevitably determine what 
modifications, if any, are needed in the specifications for material 
which is to be used for a given service. Indeed, if at any time it 
can be shown that certain modifications are needed, in order to 
secure material which will stand the test of service, such modifica- 
tions will have to be made, whether convenient or inconvenient, and 
if, at any time, it can be shown that the quality of material com- 
monly employed for a given service does not stand successfully the 
test of service, investigations will have to be made to ascertain how 
to produce material that will stand that test. 

Looking, therefore, at the subject of testing, from the point 
of view of its direct usefulness to the engineer, we are forced to 
appreciate the fact that this class of tests is of the greatest impor- 
tance. 

Although, in our present state of advancement in this line, it 
would hardly be possible to formulate standard methods, it is at 
least very desirable that this Society should not only take an interest 
in such tests, but also that it should endeavor to become, in time, a 
-sort of clearing house for them, and should use its influence to see 
to it that they should be made in such a manner that the conclusions 
drawn from their results may be warranted by the facts. 

Probably all that can be done at present is to secure the results 
of such tests for discussion at our meetings, and for publication in 
our proceedings, and to bring to bear our combined judgment upon 
the methods of conducting them, and upon the choice of those for 
which there is the most urgent need, so that we may be instru- 
mental in bringing about, as speedily as possible, the greatest 
advance in this direction. Our proceedings do not yet extend 
‘over a sufficient number of years to contain many such, and hence 
we shall have to look elsewhere to ascertain where we stand to-day 
an this regard. The installation of the Government testing 
machine of 800,000 pounds capacity at Watertown Arsenal about 
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1875 gave the impetus to such tests, in America, and although 
some were made at an earlier date, they were not many. 

An attempt to collect the statistics of tests of this class made 
in the United States during the last thirty years reveals the facts 
that their number and variety are already very considerable, and that 
such results as have been obtained have exerted a decided influence 
upon the formule and the constants used in engineering practice, 
and also that much greater activity in making tests along these 
lines is very much needed. These facts are of themselves suffi- 
cient to justify the foresight of those whose efforts served to bring 
into being the Watertown machine. It will be well to consider, 
therefore, what has been already accomplished in some of the 
principal directions, and what are the lines along which more work 
of the kind is needed. 

Among the earliest tests of full-size pieces are those made 
upon columns of various kinds. Among these may be mentioned 
tests upon full-size wrought-iron columns of such dimensions and 
proportions as are employed in bridges and buildings; this includes 
ratios of length to least radius of gyration between about 30 and 130. 
While the greater part of them were made on the Government 
machine at Watertown Arsenal, quite a number were made by 
Mr. Bouscaren in 1875 at Pittsburg, at Chicago, and at Edgemoor, 
and later tests were made at Pittsburg by Mr. C. L. Strobel upon 
wrought-iron Z-bar columns. The general result of all these 
furnished a more reasonable basis for computing the strength of 
wrought-iron columns than those in general use at the time, and 
which have not yet entirely disappeared. In the light of the results 
obtained it seems to me that, for columns of the above stated sizes 
and proportions, the following conclusions are warranted, viz: 

1. The breaking strength per square inch of such columns re- 
mains nearly constant for different values of 1 / rup to a value which 
was fixed by Mr. C. L. Strobel at 90, and by others at a little less. 

2. Within the stated limits of 1/r the difference of strength 
between centrally loaded columns with pin ends, and those with 
fixed ends, was not great. ‘These tests also furnished data from 
which to obtain empirical formule for the strength per square inch 
of centrally loaded columns for values of 1 /r greater than 90, but 
within the limits already stated. 

Inasmuch as we are now using columns made of steel instead 


220 LANZA ON TESTING IN THE UNITED STATES. 


of wrought iron, we need an equally extensive set of tests of columns. 
of the same general character, made of such structural steel as is. 
employed at the present time, in order that we may have corre- 
sponding figures for use to-day. While I have, thus far, been 
unable to find any set of tests of full-size steel bridge columns, Mr. 
Christie having been confined to a 50,000 pounds machine, a little 
light may be thrown upon the question by a set of tests of eight 
full-size main rods of locomotives, made in my Laboratory of 
Applied Mechanics, at the Massachusetts Institute of Technology. 
These rods were made for us by the Baldwin Locomotive Works, 
of steel having a tensile strength of about 80,000 pounds per square 
inch; they were of I section, and had values of 1/r varying from 
100 to 150. They were subjected to direct compression, the ends 
being mounted on their usual pins. The results were as follows: 

1. The compressive strength per square inch varied from 
36,100 to 40,600 pounds, the strongest having a value of 1 / r= 
109, and the weakest having a value of 1 / r—125, from which it is 
evident that the variation of 5,000 pounds per square inch in 
strength was due to differences in the steel, and not to differences 
in the value of 1 /r. 

2. This corroborates the results obtained by Mr. J. W. Dagron, 
and presented by him to the American Society of Civil Engineers 
in 1889, and also the remarks made by Mr. C. L. Strobel on that 
occasion. 

3. Moreover, these values are but little greater than those 
obtained from tests of full-size wrought-iron columns, 7. e., from 
30,000 to 35,000 pounds per square inch. 

Cast-Iron Columns.—In the case of cast-iron columns of such 
sizes as are in common use in buildings, sixteen were tested in 1887 
and 1888, and two more in 1893, on the Government testing machine 
at Watertown Arsenal. In 1896 fourteen such columns were 
tested at Phoenixville for the New York Building Department, 
four of them in 1896 by Mr. Gus C. Henning, and ten in 1897 by 
Mr. W. W. Ewing. The total number of those enumerated above 
was thirty. In only three of these tests did the ratio of length to 
least radius of gyration exceed 105. 

The variation in strength of the different columns tested, which 
is very considerable, was evidently due partly to differences in 
quality of the material, but mainly to imperfections in the castings. 
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Moreover, in connection with the second series, quite a number of 
tests were made upon the strength of the caps, brackets, etc., of 
such columns. It is only from tests of this character that reliable 
data can be secured from which to design cast-iron columns. 

Timber Columns.—In the case of timber, by far the greater 
part of the tests of full-size columns were made at the Watertown 
Arsenal, though some have been made elsewhere, as those made in 
the Applied Mechanics Laboratory of the Massachusetts Institute 
of Technology. 

Moreover, while in the tests of full-size columns made some 
years ago by Professor Johnson for the Bureau of Forestry the 
machinery used did not weigh correctly, the Bureau has now taken 
up the work, with a full appreciation of the importance and value 
of making accurate tests of full-size specimens, and it is a part of 
their present program to make a large number of them upon a 
great variety of American woods. 

It is well known that the work that has been performed in 
testing full-size timbers has had a far-reaching influence, and has 
brought about great changes in the constants, and in the formule 
employed in determining the strength of timber structures. 

Concrete.—In view of the fact that there is, at the present time, 
a great deal of interest taken in the use of concrete, and especially 
of what is known as reinforced concrete, a number of tests of such 
material have been, and are being made, some on full-size speci- 
mens, and some on small ones. It is important that our conclu- 
sions regarding the service that can be expected from it should be 
based upon tests of the former kind, and that the attempt should 
be made to reproduce, as far as possible, the conditions of practice. 

Masonry.—The number of tests that have been made in 
‘America of full-size brick piers, of stone columns, etc., is very small, 
and extensive series of such tests are very much needed. 

In summing up the remarks that have been made regarding 
columns, it may be said that the most urgent need is for a compre- 
hensive series of tests of full-size steel columns of such sizes and 
proportions as are used in practice, not only in bridges, buildings, 
and other structures, but also in the various parts of machinery 
which are subjected to compression. After this, in importance, 
comes the testing of full-size compression members of other mate- 
rials, as cast iron, timber, masonry, etc. 
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The subject of tests of full-size columns has been treated at 
some length, both on account of its importance and also because 
it seems to have attracted more attention than other kinds of tests 
of full-size pieces; nevertheless, a number of others have been the 
subject of experimental investigations, and many more are very 
much needed. Brief mention will, however, be made of them as 
follows: 

Transverse Strengih—In the case of wrought-iron beams a 
few tests were made at the Watertown Arsenal, and some by Mr. 
Christie; and Mr. Christie tested also a few steel beams in 1884. 
An extensive series of such tests is needed upon large beams of such 
structural steel as is used to-day, in order to secure more positive 
knowledge regarding their proper working strengths. 

Although cast iron is not much used for beams in buildings, 
there are many places where it, as well as steel, isemployed in prac- 
tice to resist a transverse stress, and others where such transverse 
stresses are combined with other resistances. 

A notable case is that of the arms and of the rims of pulleys, 
and in this direction very little experimental work has been thus far 
performed. 

In the case of timber beams, which is a subject in which the 
writer has taken a great deal of interest, much more work is needed, 
especially so as there are many kinds of timber in regard to which 
we have no data that can be applied with confidence in the compu- 
tation of timber structures. While very little information can be 
gleaned from the former tests of the Bureau of Forestry, it is 
expected that work under their present program will furnish a 
large amount of such data. Indeed, a very good beginning has 
been made in the work reported in the circular which is to be 
issued in a very short time. As to beams of reinforced concrete 
and of other kinds of masonry, remarks might be made similar to 
those regarding full-size columns of such materials. 

Riveted Joinis—In the testing of riveted joints containing a 
considerable number of rivets of wrought iron, the Watertown 
Arsenal has again led in the number of such tests, but more are 
needed, both with joints of a complicated nature and also with such 
steel rivets as are used to-day. Although some work along these 
lines has been performed by different people, it is far from being 
adequate to supply the information needed. 
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As examples of other lines along which some work has been 
performed upon full-size specimens under the conditions of prac- 
tice, may be mentioned axles and journals, arches, the joints of 
trusses both in steel and in timber, eyebars, hooks, chain cable, 
etc., but in the case of most of them much more investigation is 
needed. ‘ 

Besides the above, the subject of impact is almost an unex- 
plored field, and another field of the greatest importance which 
cannot be too strongly emphasized is that of repeated, and of 
alternate stresses, such as occur constantly in practice, a portion 
of this work belonging among tests of full-size pieces, and another 
portion among those of what I have called the third class of tests. 

The above will serve to give a brief outline of the classes of 
tests which the writer would include under the general head of 
tests of full-size pieces under, as nearly as possible, the conditions. 
of practice, and to give a very brief and crude summary as to 
where ‘we stand in America in these lines. 

3. Investigations made for the purpose of ascertaining the 
laws of variation of the different properties of a substance 
successively. 

Such work, in order that it may be of value, must be suitably 
planned, systematically arranged, and performed with great accu- 
racy; for, if it is not suitably planned and systematically arranged, 
it is of a desultory nature, and if it is not, also, accurately per- 
formed, it leads to incorrect conclusions. Moreover, great care 
must be taken to avoid drawing conclusions from insufficient data, 
and from applying the conclusions drawn from a set of tests to 
cases where all the conditions have not been taken into account, 
or where conditions are liable to occur in practice which do not 
occur in the cases experimented upon. As examples of investiga- 
tions of this kind, upon which more or less work has been per- 
formed, are the following, viz: 

(a) Cement.—In this regard a great deal of work has been 
done in many places, in many ways, and by a large number of 
investigators; but in much of it the planning has been lacking in 
breadth, and in many cases the necessary degree of accuracy has 
not been observed. It follows, therefore, that the conclusions that 
can be legitimately drawn from the results obtained are not at all 
commensurate with the amount of work performed. 
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(b) Effect of heat treatment, not only in the manufacture of 
the metal, but also in the manufacture of the finished structure, and 
in that to which it may be subjected in service. 

(c) Laws of flow of metal and its resisting properties under 
stresses applied at different speeds, including a study of the laws 
of impact. 

(d) Effect of applying stresses beyond the elastic limit, and 
the causes and influence of interval strains. . 

(e) Repeated and alternate stresses, which is a matter of the 
greatest importance, and one in which the field open for investiga- 
tion is very broad. Moreover, in such investigations there are a 
great many ramifications, as the breaking strength under a given 
service, the change of elastic properties under such stresses, the 
effect of temperature upon metal subjected to such repeated and 
alternate stresses, etc. 

(f) Influence of chemical composition, of heat, and of mechan- 
ical treatment upon the properties of metal. A portion of this work 
pertains to and is naturally performed at the works, but another 
portion is of such a nature that it is not likely to be performed there. 

(g) Metallography.—This work, which has attracted so much 
attention of late and which is being performed by many people, in 
many places, and in many ways, belongs in this third class of tests. 
Moreover, in investigations of this kind, great care is needed to 
draw conclusions, neither too hastily, nor upon insufficient evidence. 

No attempt will be made to enumerate the persons, or the 
laboratories, where any of this third class of tests have been, or are 
being performed, but it is important to observe that in all cases 
the final arbiter of the value of the results obtained must neces- 
sarily be the extent to which they can be made to apply to pieces 
of such sizes and proportions as are employed in practice, and to 
the conditions that occur in service. 
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Wm. Metcarr.—Mr. President, I don’t know whether the mr. Metcalf. 
Society wants to hear any ancient history or not, but the mention 
of a couple of names by Prof. Lanza carried me back about fifty 
years. He spoke of Wade and Rodman. Two abler engineers, 
two more profound and accurate thinkers and observers, I have 
never met since their day. I was pleased to see that Prof. Lanza 
gave the manufacturers of ancient times a little credit for taking 
some interest in the product they turned out. Although there 
was little testing it was because there were good reasons for it. 
In 1858 I was put under the care of Major Wade and Captain 
Rodman. One of the first operations I was engaged in as Major 
Wade’s assistant was a very elaborate and careful series of tests 
of cold rolled iron made at Jones and Laughlins, and no engineer- 
ing concern or anybody ever made any more careful tests than 
they did at that time to ascertain the properties of this one material. 

Major Wade handed me six samples of iron of which he 
wanted the specific gravity. He said he had been trying it and 
could not satisfy himself. I tested them three or four times and 
handed him my results, then he showed me his and we happened 
to agree to the third place of decimals. Then he showed me that 
the cold rolled bars were much less dense than the hot rolled bars, 
although the cold rolled iron was much harder and stronger than 
the other. This was the first observation of the now well-known 
fact that the harder you make a piece of iron or steel the lower 
you make its specific gravity. 

I took a great deal of pleasure this morning in listening to the 
discussion of specifiations for cast iron. I was at the business of 
making castings for guns at one time, where the government 
requirements were very specific and rigid. One of the chief 
requirements was, after the iron had been tested and approved as 
sufficiently strong for tensile, torsional and transverse resistance, 
to take a cylinder of an inch bore, one inch thick and about six 
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inches long, and find its resistance to water pressure by applying 
pressure until the water was forced through the walls. The water 
was squeezed out as if from a sponge, and I never knew a cylinder 
of that size to burst. After that test the cylinder was filled with 
wax and pressed again and. generally the wax would burst the 
cylinder; but I have seen a cylinder even with such a stress on 
it spin out the wax as long as the length of this room without 
bursting. Finally, we had to take a specimen of iron and load it. 
I will not say positively what the rule was, but I think about 
two-thirds the breaking strength, and if the piece failed to stand 
about five hundred applications of that load the iron was rejected 
as not being sufficiently elastic. 

In making guns, the requirement was a density of 7.26. If 
it was below 7.24 or above 7.28, the Government reserved the 
right to reject it absolutely. The minimum tensile strength was 
30,000 pounds per square inch from samples taken out of the 
sinking head of the gun. JI may simply illustrate the character 
of the work we did by saying that in making more than three 
thousand guns during the war, we didn’t have one gun rejected 
for failure to stand the tests, nor one for failure in the proving, 
and only a single report of a gun that failed during the war in 
service, and that report proved to be incorrect. 

In the 20-in. gun the casting weighed over 80 tons in the rough. 
The finished gun weighed 116,000 pounds. The density of the 
sample of the sinking head was 7.26, the tensile strength 36,000 
pounds, plus, per square inch. We had to cast a square piece on 
the lower end for a hold in the lathe; when that was cut off, from 
curiosity we drilled a specimen out of it and tested it and it gave 
us a density, I think, of 7.27, and a tenacity of 42,500 pounds per 
square inch, showing an increase of 6,000 pounds per square inch 
due to a head of about 25 feet in the casting. 

In thirty years’ experience after I left the foundry business 
I have rarely gotten a casting that will bear comparison to those 
we used to make, and I think you do need specifications to get 
your founders up to their work. 

Wm. Kent.—Mr. Lanza’s paper reminds me of papers read 
about thirty years ago before the American Society of Civil Engi- 
neers on this same subject. They resulted in the establishment 
of the U. S. Iron and Steel Test Board in 1875 and the appro- 
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- priation by the Govennmnitnt ter building the Watertown testing mx. Keat. 
_ machine. When the appropriation was discontinued, two years 
later, the work of the Board stopped. 
H. H. Campsett.—tIn testing commercial shapes care should Mr. Campbe! 
__ be used to retain as far as possible the original rolled surfaces. 
| Tests have been published showing comparative results on rounds 
of different diameters, but the comparisons were worthless as the 
bars were turned down from one common diameter, and the 
proportion of central core was different in every size. 
a 
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THE EARLY USE OF 60,c0c0-POUND STEEL IN THE 
UNITED STATES. 


By SAMUEL ToBIAS WAGNER. 


The growing favor with which the proposition to use a single 
grade of steel for all ordinary structures, and that grade having an 
average ultimate tensile strength of 60,000 pounds per square 


inch, is the excuse for the presentation of this paper, which is 


! 


YEAR OF COMPLETION | Min, 
AND RIVER. | Description, Ultimate Strength. Elong. 
| Per Cent, 
| 
S74, Mississippr .... | (Arches, St. Louis... 2.4. «| 200j;000 Mins a. s5 sch wen aes 8 
1878. DAS oes Ei ae aN LMS 80,000 to 100,000 ..........] rorrs 
1878. Chicago........| Chicago River. . ; Or Skene acentenn ait 
1880. Missouri ......| Plattsmouth . Bc 80, Eis a preiega Waele Ce. 12 
1881. Monongahela ..} Smithfield St. :| C. 80,000 to 90, 600 Jeune 12 
| 4 70,000 to 80,000 ....... 8 
1882. Missouri . ») Bismnacelt wi. 5 so. mans ¢ ans > BO,G09 80°96, G60)... oa, aa 12 
T. 70,000 to 80,000 ....... 18 
882. Fast Biver ate) Prookiva Bates s3 tere FO OOO a aisles va haeaknie k: Wa Woe CRE 
883. Niagara.......| Cantilever . MSN ye POC OOO Me ena hc aie. a5. earner 
1883. Missouri ......| Blair. ENG AMBO COGN, cL ie can custo sete 
BEC ROLOOD! Ssenanihi a sic eee nae 
TO82. PAWallia mewn wi calgars skin treacle, Sabet a? Maem Nel ar eee . 
1883. Ihio..........| Point Pleasant .. BUS cectenee < 
1884, Obio....’......«.| Henderson... . -| C. 80,000 
T. 70,000 
1884. Susquehanna ..| B.& O.R.R... C. 80,000 
T. 70,000 
1885. Arkansas......| Van Buren ............| C. 80,000 
| T. 70,000 
BASS NOHO tives ole and ind. Cantileveti.|'\Ge i86.G00)) i204 otanleske sume 
| TL F0,000 .< ban OX ake ee 
1886. Harlem .......| Washington Arch, N Y...| 62,000 to 70, 000 . Seas 18 
1887. Missouri . .| Sibley, At: T. & S'F.....| C. 75,000 to 85, BCG cee 8 
| T: 60,000°tO 70,000 .... 05s 23 
zoas Missouri -...- 5.) Omaha.siio..-.. aves) On BO,OD0 : 15 
ALR ERO CUO as Want 18 
1888. SasieiDyt Sess WOAITO Us ann -| 64,000 to 75,000 , Rake. Reine 20 
1889. Ohio. .....| Cincinnati, (Gis 0), .| C. | 64,000 to 72,000 = isis, oy ee 
| T./ 58,500 to 66,500 ....4..] 20-18 
1890. Firth of Forth..| Cantilever.............) G 76,000 $0):83)0005.0 24 vans 17 
| TD.’ 67,000 40 74,0600 .....065 20 
1890. Colorado......} Red Rock Cantilever....| C. 04,000 to 72,000 .......| 1o-17 
T. 58,500 to 66,500 .......| 20-18 
1890. Mississippi .. Merchants’ Br., St. Louis.| 67,000 to 75,000 ., 20 
1891. Ohio..........] Cincinnati Cantilever ...| 62,000 to 70,000 .. 22 
1892. Mississippi ....| Memphis Cantilever..... Main tr: uss, 60,000 to 78, 500. 18 
Rest, 64,000 to 72,500 ...... a2 
1893. Mississippi ....| Bellefontaine . . 62,000 tO 70,000 ...... 22 
£893. Delaware... ....| P. ROR Philadelphia .. Main truss, 62,000 to 70,0 000. 22 
Rest, 50,000 to 60,000 ...... 26 
1897. Niagara ..:....| Double deck bridge .....| 60,000 to 68,000 ...........| 20 
T8098: Niagara:.....>.] Highway atch. .<is\.....| 60,000t0 68.000. cinwen ns 29 


C. represents Compression, 


Tt represents Te ension, 
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not intended to present any new facts, but simply, ina brief manner, 
attempt to follow the earliest uses of structural steel in this 
country and especially to review the attempts to produce a 60,000- 
pound steel over twenty years ago. 

Mr. C. C. Schneider presented to this Society a review of the 
history of the use of steel as applied to bridges in this country, 
at the Fifth Annual Meeting, held at Atlantic City in 1902, and 
the writer takes the liberty of using it, at the same time inserting a 
number of additional structures which were erected between 1878 
and 1884. The additions consist of the following bridges: Glasgow, 
Chicago River, Smithfield St. Pittsburgh, Blair, Williamette, Point 
Pleasant, and Henderson. 

Where data are not supplied it has not ck possible to obtain 
them. The steel for the bridge at Point Pleasant was made by 
the Cambria Iron Ghee, whose records were lost in the 
flood of 1888. 

The best obtainable data show that up to about 1886 it was 
customary to use a steel of much higher tensile strength than that 
which can now be considered good practice for ordinary structures. 
This seems to have naturally occurred on account of the desire of 
engineers to use a high unit stress for a high ultimate irrespective 
of the danger of nonuniformity and liability of injury of such 
material under mill and shop treatment. Now that we can look 
back to it, it seems natural that such should have been the case. 
It would seem that as early as 1884 very little was known of what 
we now Call a 60,000-pound steel. 

The writer has been interested in noting of late that his first 
practical experience with steel, was with what was then called 
“soft or mild steel” and that it was probably the beginning of the 
‘use of 60,000-pound steel in the United States for structural 
purposes. 

In 1883 while in the employ of the Phanix Iron Company, of 
Phoenixville, he was assigned to represent that company in the 
tests which were made by the United States Navy upon the steel 
shapes for the U. S. dispatch boat ‘‘ Dolphin” and the cruisers 
“Boston,” “Atlanta” and “Chicago,” constructed under Acts of 
Congress of August 5, 1882, and March 3, 1883, and built under 
contract with Mr. John Roach, of the Delaware Iron Shipbuilding 
and Engine Works, of Chester, Pa. 
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The history of the reason that mild steel was used for these 
vessels is interesting, and the specifications and details in obtaining 
it form the principal excuse for the presentation of these data, 
which are drawn from the private notes of the writer and from a 
“Report of the Naval Advisory Board on the Mild Steel used in 
the Construction of the Hulls, Boilers and Machinery of the 
‘Dolphin,’ ‘Atlanta,’ ‘Boston’ and ‘Chicago,’”’ prepared from the 
records of the Board by Assistant Naval Constructor R. Gatewood, 
UssuN. 

The Advisory Board above referred to was convened by the 
Secretary of the Navy on June 29, 1881, to suggest the number and 
class of vessels needed by the Navy, and in their report to the 
Department it was divided upon the question as to whether the 
vessels should be constructed of iron or steel, the majority favoring 
steel. Abstracts from their report are as follows: 

They admitted that the most difficult question to decide was 
the proper material to be used. The contention was made that the 
construction of iron vessels had reached a very satisfactory condi- 
tion and that steel would cost more, and in view of the experimental 
stage which shipbuilding was passing through at that time in 
Europe it would not be wise to use it. 

The reasons for its use were: 

1. Increased saving in weight of hull by reduced dimensions. 

2. Increased strength of hull and immunity from danger in 
grounding. 

3. Rapidly increasing success with steel in Europe. 

4. The certainty that steel will supplant iron in the near future. 

5. The impetus to the general development of steel in the 
United States by such a step of the Government. 

6. The necessity, that when the vessels should be completed, 
they should be equal to, if not superior to vessels of their class 
abroad. 

Upon this report coming before the Naval Committee of the 
House, an exhaustive investigation in Committee was made and 
resulted in a report favoring the use of mild steel with but one 
dissenting vote. 

Among the reasons given in favor of it were: 

1. That the quality of the steel required could be produced in 
this country in sufficient quantity and at a reasonable cost. 
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2. The Committee was surprised and gratified to learn that 
the United States at that time was the second country in the world, 
if not the first, in the manufacture of steel. That specimens of 
open-hearth steel (which is the best for shipbuilding purposes, as 
the evidence clearly shows), from several of the largest manufac- 
tories in the country, were presented to the Committee. ‘This steel 
is uniform in character, has a tensile strength of from 55,000 to 
63,000 pounds per square inch and a ductility of 30 per cent. 
It is capable of being folded under heavy hammers without crack 
or fracture. 

The Act of August 5, 1882, contains the following provision as 
to material: “Such vessels . . . to be constructed of steel of 
domestic manufacture, having as near as may be a tensile strength 
of not less than 60,000 pounds to the square inch and a ductility 
of not less than 25 per cent.” 

After the contracts were made, instructions were sent to all 
the Navy Inspectors from which the following extracts are made 
as representing the best naval practice at that time: 


SHip PLATES. 


The test pieces to be submitted to a direct tensile stress until they 
break, and in a machine of approved character. 

The initial stress to be as near the elastic limit as possible; which 
limit is to be carefully determined by the inspector in a special series of 
tests. The first load to be kept in continuous action for five minutes. 
Additional loads to be then added at intervals of time as nearly as possible 
equal, and separated by half a minute; the loads to produce a strain of 
5,000 pounds of original section of the test piece until the stress is about 
50,000 pounds per square inch of original section, when the additional 
loads should be increments not exceeding 1,000 pounds. 


CONDITIONS OF ACCEPTANCE. 


In order to be accepted the average of the four test pieces must show 
an average tensile strength of at least 60,000 pounds per square inch of 
original section, and a final elongation in 8 inches of not less than 23 
per cent. 

If any single piece shows a tensile strength of less than 58,o00 pounds, 
or a final elongation less than 21 per cent, the piece from which it was cut 
shall be rejected and the test considered to have failed regardless of its 
average. 

Lots of material which show a greater strength than 60,000 pounds 
per square inch will be accepted, provided ductility remains at least 23 
per cent. 
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It is interesting to note here that when the specifications were 
issued by the Navy Department a modification was made in the 
prescribed requirement for the elongation. It was reduced from 
25 to 23 per cent in 8 inches. The reasons given for this change 
were, that at that time the most severe tests required abroad for 
similar material were by the French Navy, where an elongation of 
20 per cent in 200 millimeters (8 inches equal 203.2 millimeters). 
It had further been the boast of the American manufacturers that 
their iron was superior to that in general use in Europe, and that 
American steel deserved the same reputation. The table hereafter 
given shows that the average elongation obtained was 25.52 per 
cent, but at that time the ductility was one of the most troublesome 
elements to meet and caused the greatest number of rejections. 


QUENCHING TEsT. 


A test piece shall be cut from each plate, angle or beam, and after 
heating to a cherry red, plunged in water at a temperature of 82° F. 
Thus prepared it must be possible to bend the piece under a press or 
hammer so that they shall be doubled around a curve of which the 
diameter is not more than one and one-half times the thickness of the 
plates tested without presenting any trace of cracking. 

These test pieces must not have their sheared edges rounded off, the 
only treatment permitted being taking off the sharpness of the edges with 
a fine file. 

ANGLES, BEAms, ButB Bars, TEE Bars, ETc. 

In every lot of 20 angles or beams, etc., test pieces to be cut from the 
webs of two taken at random, one fromeach. These pieces to be fashioned 
in the same way and to be subject to the same tests, both tensile and 
quenching, and to fulfill the same requirements for acceptance as already 
prescribed for ship plates. 

Angle bars to be subject to the following additional tests: A piece 
cut from one bar in 20 to be opened_.out flat while cold under the hammer; 
a piece cut from another bar in the same lot shall be closed until the two 
sides touch, while cold; a piece from a third bar of the lot shall be bent 
cold into a ring, so that one of the sides of the angle bar shall be kept flat 
and the other side forming a cylinder of which the internal diameter shall 
be equal to one and one-half times the breadth of the side which remains 
flat. The angle bars submitted to these tests must show neither cracks, 
clifts nor flaws. 

Single ‘“‘T”’ bars to be submitted to the following tests: A piece to 
be cut from the end of a bar taken at random from each lot of 20 and to 
be bent cold into a half ring, so that, the web remaining in its own plane 
the cross flange should form a half cylinder, of which the internal diameter 
shall equal four times the height of the web of the ‘‘T”’ bar. 

At the end of another bar of the same lot the web to be split down its 
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middle for a length equal three times its total depth, and a hole drilled at 
the end of the slit to prevent its spreading; the piece thus split to be 
opened out in its own plane, so as to make an angle of 45 degrees with the 
rest, care to be taken that the part opened shall be kept straight, except 
that it must be joined to the rest of the bar by a bend of small radius. 

Bulb bars are to be submitted to the same tests as those prescribed 
for ““T”’ bars except that in bending, one or more heats may be used. 

All bars submitted to these tests must show neither cracks, clifts. 
nor flaws. 

RIVETS. 

From every lot of 500 pounds four rivets are to be taken at random 
and submitted to the following tests, one rivet to be used for each test: 
First, a rivet to be flattened out cold under the hammer to a thickness of 
one-half its diameter withaut showing cracks or flaws; second, a rivet to 
be flattened out hot under the hammer toa thickness of one-third of its 
diameter without showing cracks or flaws; third, a rivet to be bent cold 
into the form of a hook with parallel sides without showing cracks or flaws; 
fourth, a rivet to be tested by shearing by riveting it up to two pieces of 
steel which are to be submitted to a tensile strain, the rivet not to shear 
under a stress of less than 50,000 pounds per square inch. 

The Chester Rolling Mills, of Chester, Pa., the Norway Iron 
and Steel Company, of South Boston, Mass., and Park Bros. & 
Co., of Pittsburgh, Pa., made the ship and boiler plates; the 
Pheenix Iron Company, of Phcenixville, the angles, tees and deck 
beams. Assistant Naval Constructor R. Gatewood and Assistant 
Engineer B. C. Bryan were assigned to the work at Pheenixville. 

At that time the Phcenix Iron Company had no steel mill, and 
a lot of blooms of Bessemer and open-hearth steel were ordered as 
an experiment from the Pennsylvania Steel Company, of Steelton, 
Pa., and the Cambria Iron Company, of Johnstown, Pa. These 
were rolled into various shapes at Pheenixville, and were tested by 
the writer in accordance with the Naval requirements. As a result 
of these tests, combined with what knowledge existed at that time 
regarding the relative merits of Bessemer and open-hearth steel, a 
contract was entered into with the Cambria Iron Company to 
supply the blooms for the shapes required of open-hearth steel, 
and the writer was sent to Johnstown to accept the blooms from 
the Cambria Iron Company. At this time the filling of an order 
of steel to meet these requirements was looked upon as something 
of an undertaking, as very little material with such low carbon and 
such high ductility had been manufactured for any important 


structures. 
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The steel was made in two 15-ton Pernot revolving furnaces, 
with 16-foot pans, erected in 1878-79. Ferro-manganese was 
added before tapping and the bath was rabbled while the furnace 
revolved. The ingots were top cast and weighed about 5,500 
pounds each. One ingot was rolled in the blooming mill as soon as 
possible and two test billets removed which were hammered down 
to slabs about three inches thick, reheated, and rolled into 6-inch 
by 7-16 thick flats, from which the tensile tests were cut. The 
other ingots were allowed to cool off completely, awaiting the 
results of the tests, when if satisfactory they were rolled into 
blooms of ordered sizes. A quenching test was made at the sare 
time. 

Considerable difficulty was experienced at first in making the 
-steel. In the first 20 heats made 11 were rejected mainly on 
account of failure to show the required elongation, and some few 
failing to pass the quenching test. 

In the opinion of the writer, the trouble was caused in part by 
the fact that when not making this soft steel, the furnaces were 
making very high carbon steel for springs and agricultural pur- 
poses, and on changing from this grade were very apt to miss the 
next heat or two. This trouble was, however, overcome in a short 
time, when heat after heat was satisfactorily made. 

Large flaws in the blooms were chipped hot in the blooming 
mill, and it was the practice for some time to examine each bloom 
when cold and chip the flaws down to solid metal. 

The acceptance of the quality of the blooms on the above tests 
-was difficult, because the blooms were rolled at Phoenixville into 
all kinds of sizes from heavy deck beams to very light angles, and 
jin these shapes were again tested and finally passed upon by the 
Government inspector. This method was afterwards changed, a 
Government inspector being sent to Johnstown to accept the steel 
‘from the Cambria Iron Company. 

At Pheenixville, some trouble was experienced at first in the 
rolling mills because the heating of steel was new to the heaters, 
and in a few cases at first some of the blooms were overheated. 
‘These bars were generally discovered when the quenching test 
was made. 

The method of making the tests as before noted was very 
‘peculiar, and in these later days of expeditious working would have 
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been looked upon as disastrous. The average time consumed in 
making 20 tests taken at random was 20 minutes. Later on the 
time of the application of the first load was reduced from 5 minutes 
to1 minute. Taking everything into account on these tensile tests, 
it was impossible to break more than 20 pieces in a day. 

The following table shows the average results of the more 
important elements of the steel from the shapes: ; 


| inserted Rejected | Rejected Rejected 

= 5 For Lackof| For Low Quenching 

Material. Elong. |  Ult. Test. 
iNurmiber ion heats:o....)- = a oa 10 6 3 
pNatoiber of tests! leis. saree Heat S 3s) a) 21 22 12 
Average carbon percent ....| .160 | .162 ae .166 
Average elastic limit........ 41,440 44,133 | 36,796 39,153 
Average ultimate strength ...| 64,057 65,871 | 58,284 62,640 
Average elongation in 8in...| 25.42 21.91 29.11 26.02 


At first the division for acceptance under the specification was 
a lot of 20 pieces, from which were made: 


Ontanigles gins tinged 2 tensile tests. 
20 quenching tests. 

I open test, 

1 closed test. 

1 bent ring test. 
Oniteesa ior Gneese lets 1 ring test. 

1 split bending test. 
On decks and bulbs. . 1 split bending test. 


\ on all shapes. 


On account of the unavoidable confusion existing by reason 
of the unit of acceptance being a lot of material which might 
contain a number of heats, the unit was changed to a heat, the same 
number of tests being prescribed. 

After the year 1886 the use of softer grades of structural steel 
increased slowly, as will be evident from the examination of 
Mr. Schneider’s table, but it seems evident or likely that the effort 
of the Government to obtain a low-carbon steel with high ductility 
in 1883 was a very courageous attempt, as there was no precedent 
for material of that grade in the United States at that time. 

Several of the reasons given in the report of the Committee of 
the House for its use in these vessels seem to have materialized, 
notably: First, the impetus which such use gave to the steel 


236 WAGNER ON EARLy USE OF 60,000-POUND STEEL. 


industry specially in the introduction and use of low-carbon steels: 
for structural purposes. Second, the fact that iron in the near 
future would be replaced by steel, as twelve years afterwards, in 
1893, the Carnegie Steel Company, in the preface of their Pocket- 
Book, said: “‘The feature of this edition is the elimination of all 
data relative to iron sections. Our product hereafter will be 
exclusively steel.” 

Looking back over the whole field, it seems fair to"say that the 
effort to obtain what is now likely to be regarded a standard steel 
for structural purposes was first attempted by the Government for 
use in the first steel vessels of our modern navy. 


DIS CUSStOinNu 


Wm. Kent.—Perhaps I can add a little to that history. In Mr. Kent. 
the year 1882 I was with Shoenberger and Company of Pittsburg. 
Since 1879 we had been making exactly that quality of steel for 
sale for boiler plates, and the Otis Steel Works in Cleveland had 
been making it for some years previously. In 1879 a similar steel, 
but a little higher in phosphorus, came into use for structural pur- 
poses. In 1882 there was brought out by the Government for the 
first four cruisers of the new navy a set of different specifications 
with a minimum limit of 60,000 pounds tensile strength and an 
elongation of 25 per cent. in 8 in., which was more severe than any 
foreign specifications. That is, at that date there had been no 
steel made in the world under a specification of not less than 60,000 
pounds tensile strength and 25 per cent. elongation in 8 in. 

John Roach, owner of the shipbuilding works at Chester, took 
the contract with that provision in the specifications. He had to 
make it and he had to find out what was the trouble in making it. 
He found by a proper manipulation of the slags and the furnaces, 
and by giving the ingots a sufficient amount of work that the 
requirements could be met. So the steel was made and made 
successfully, and the steel put in these four cruisers was the best 
steel ever made in the world up to that time. 

ROBERT BENTLEY.—I was employed at the Chester Rolling mr. Bentiey. 
Mills during the period referred to by Mr. Kent. The steel was 
‘rolled on the old-fashioned mill. The modern method of rolling 
was not in practice at that time in Chester, all of the steel being 
rolled on the old two-high trains. And after we learned to make 
the steel we had another difficulty to overcome, namely, to roll the 
steel of definite weight and thickness. That was the problem in 
those days, because we knew nothing about micrometer gages, 
nothing but the old caliper gages being in use, and we depended 
very much on the expertness of the rollers to make the plates of 
the required weights and thickness. 

John Roach deserves credit for making the first 60,o00-pound 


Mr. Bentley. 
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steel for LU. S. Government requirements. The furnaces were 
built and erected under the supervision of Mr. Chas. Ryder. 
If I remember rightly, Mr. Sloan was the chemist, and I held the 
position as roller, and much of the material passed through my 
hands. I know that the steel made at that time was probably as. 
good as any that has been made since. It was all acid steel, and 
we used charcoal blooms largely in the manufacturing. I doubt 
whether I have ever handled better steel than I did at that time. 


THE CLASSIFICATION OF IRON AND STEEL. 
By ALBERT SAUVEUR. 


Metallic iron is obtained and used in the arts under three 
different conditions, namely, as wrought iron, steel and cast iron. 
While cast iron is very highly carburized, wrought iron generally 
contains very little carbon, and steel a more moderate amount of 
that element, which amount, moreover, varies according to the 
grade of the steel, between wide limits. It is to the different pro- 
portions of carbon which they contain that these three products of 
the metallurgy of iron owe their generally very different properties. 
Cast iron is not malleable and lacks both strength and ductility; 
it is brittle. Wrought iron, on the contrary, is very malleable, 
very ductile and fairly strong, while the strength and ductility of 
steel varies according to its carbon content, the strength increasing 
and the ductility diminishing with that element. Carburized iron, 
moreover, containing a sufficient amount of carbon, possesses the 
invaluable property of becoming intensely hard when suddenly 
cooled from a high temperature, and, formerly, only those metals 
which possessed this hardening power were called steel. 

While the properties of cast iron, however, are radically dif- 
ferent from those of wrought iron, and while the properties of 
medium high carbon steel are likewise very different both from 
the properties of cast iron and from those of wrought iron, if 

_ we examine the properties of very high carbon steel on the one 
hand, and of very low carbon steel on the other, we find that the 
former so much resemble the properties of certain grades of 
cast iron (white cast iron), and that the latter are so similar to 
those of wrought iron, that a sharp distinction between these three 
metals founded upon their properties alone, or upon their com- 
position, is quite impossible. The similarity, not to say identity, 
in composition and properties, existing between wrought iron and 
the slightly carburized metal called soft steel, is especially trouble- 
some in any attempt at such a classification. 
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In order to arrive at any satisfactory nomenclature it is 
absolutely necessary to take into consideration the method of 
manufacture by which the metals were obtained. This necessity 
was recognized by the international committee appointed in 1876 
at the instance of the American Institute of Mining Engineers, 
and which recommended the following classification: 

1. That all malleable compounds of iron with its ordinary 
ingredients which are segregated from pasty masses, or from 
piles, or from any forms of iron not in a fluid state, and which 
will not sensibly harden and temper, and which generally resemble 
what is called “wrought iron,” shall be called weld-iron (German, 
Schweisseisen; French, jer soudé). 

2. That such compounds‘ when they will from any cause 
harden and temper, and which resemble what is now called 
““puddied steel,” shall be called weld-sieel (German, Schweiss- 
Stahl; French, acier soudé). 

3- That all compounded iron with its ordinary ingredients, 
which have been cast irom a fiuid state into malleable masses, 
and which will not sensibly harden by being quenched in water, 
while at a red heat, shall be called ingoi-iron (German, Flusseisen; 
French, jer jondu). 

4. That all such compounds, when they will from any cause 
so harden, shall be called ingot-sieel (German, Flussstahl; French, 
acier jondu). i 

In this classification very great pre-eminence is given to the 
hardening power of iron containing a sufficient amount of carbon. 
Indeed, it is made the criterion by which steel shall be distinguished 
from iron. 

A serious objection to this classification is that the hardening 
power is not acquired abruptly when a certain amount of carbon 
is present but very gradually as the proportion of that element 
increases. To draw a sharp line between carburized irons pos- 
sessing the hardening power and those lacking that property is 
an impossible task. These specifications are necessarily silent 
regarding the nature of the test by which it can be ascertained 
whether carburized iron is or not sensibly hardened by sudden 
cooling. The word sensibly is, moreover, altogether too elastic 
and vague a term to introduce into this nomenclature. Such 
phrases as “generally resembling what is called wrought iron” 


SAUVEUR ON CLASSIFICATION OF IRON AND STEEL. | 241 


may also be condemned on the same ground. The substitution 
ot the term weld-iron in place of the universally adopted name 
of wrought iron is of questionable wisdom, as well as the intro- 
duction of the terms weld-steel, ingot-steel and ingot-iron. This 
classification only retains an academic interest, for it has never 
been adopted in actual practice, at least not in English-speaking 
countries nor in France. The name of Flusseisen (ingot-iron), 
_ however, has passed into the German metallurgical vocabulary, 
but even in the German works, where the metal is made, it is 
called steel. = 
In English-speaking countries and in France there exists an 
understanding, tacit at least, to give the name of wrought iron 
to all irons obtained in a pasty condition, and, therefore, mixed 
with slag, and to reserve the name of steel for all carburized 
irons obtained in a molten condition, and, therefore, free from 
slag. In such a classification much importance is attached to 
the method of manufacture and, therefore, to the absence or 
presence of slag in the resulting products. It appears to be, on 
the whole, the best solution of this difficult problem, for it affords 
a ready means of properly classifying all iron products, even 
when in ignorance of the processes by which they were obtained, 
for the presence or absence of slag, which can be so readily and 
conclusively ascertained under the microscope, will make it pos- 
sible to assign to the metal its proper place. It seems, however, 
desirable to distinguish between these slag-bearing irons obtained 
in a pasty condition and very free from carbon and those which, 
although produced by the same methods, contain enough carbon 
to assume a decidedly steely character. The name of sieely 
wrought iron, which is not a new one, appears to be a very appro- 
priate one for products of this description, suggesting at once 
their nature and making it possible to retain the word steel 
exclusively for products obtained molten. 
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In view of these considerations the following classification _ 
Sie to the writer the best that can be devised: ; 


Usual Method of 
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3- Iron carburized by cementation Cementation Pro- 
; Cemented or Blister Slee! a | cess. 


In the appendix accompanying this paper other classifications 
are reproduced as well as the opinions and comments of several 
authoritative writers. 

As Secretary of Commission 24 of the International Associa- 
tion for Testing Materials, appointed to study the uniform nomen- 
clature of iron and steel, the writer hopes that this short paper 
will lead other metallurgists and Sa to contribute to the 
discussion of this question. 
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APPENDIX. 


GENERAL CLASSIFICATION PROPOSED BY PROFESSOR HENRY M. 
Howe. 


fs The following classification proposed by Professor Henry M. 
_ Howe is described at length in his “Iron, Steel and Other Alloys”: 


General Classification of Tron and Steel 
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THE AMERICAN NOMENCLATURE OF IRON PRopucts—By H. H. 
CAMPBELL. 


In his recent book on the ‘Manufacture and Properties of 
Iron and Steel,” H. H. Campbell comments as follows on the 
“American Nomenclature of Iron and Steel’’: 

The classification by hardening is a dead issue in our country. 
It had quietly passed away unnoticed and unknown before the 
Committee of the Mining Engineers had met, and the best efforts 
of that brilliant galaxy of talent could only pronounce a kindly 
eulogy. 

Strictly speaking, some mention must be made of hardening 
in a complete and perfect definition, for it is possible to make 
steel in a puddling furnace by taking out the viscous mass before 
it has been completely decarburized; but this crude and unusual 
method is now a relic of the past, and may be entirely neglected 
in practical discussion. No attempt will be made here to give an 
ironclad formula, but the following statements portray the current 
usage in our country: 

1. By the term wrought iron is meant the product of the 
puddle furnace or the sinking fire. 

2. By the term steel is meant the product of the cementation 
process, or the malleable compounds of iron made in the crucible, 
the converter, or the open-hearth furnace. 

This nomenclature is not founded on the resolutions of 
committees or of societies. It is the natural outgrowth of busi- 
ness and of fact, and has been made mandatory by the highest of 
all statutes—the law of common sense. It is the universal system 
among engineers, not only in America, but in England and in 
France. In other lands the authority of famous names backed 
by conservatism and governmental prerogative, has fixed for the 
present, in metallurgical literature, a list of terms which I have 
tried to show is not only deficient, but fundamentally false. 
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ON THE DEFINITIONS OF Pic IRON, WRouGHT IRON AND STEEL— 
A. PourcEL, INTERNATIONAL ASSOCIATION FOR 
THE TESTING OF MATERIALS. 


Perhaps the time has arrived to realize the wish expressed at 
the Diisseldorf meeting in 1880, by the lamented Dr. W. Siemens 
(‘‘ Journal of the Iron and Steel Institute,” 1880, Vol. II, page 439) 
to establish a general understanding on what ought to be called 
wrought iron, and what steel. 

It is in the hope of attaining this object that the present note, 
which has been drawn up by the author as one of a sub-committee 
of the French Commission for the Study of Methods of Testing, 
is offered for discussion by the International Congress on Methods 
of Testing. 

Inquiry into Certain Definitions—tIron is used associated 
with carbon, and according to the degree of carboration serves 
the most multifarious uses. 

It is impossible to separate very sharply the different classes 
of its compounds; it is usual, however, to divide their long series 
into three parts: pig iron, steel and wrought iron. 

Pig Iron.—This is the raw product in the cast state of the 
reduction of iron ores. The proportion of the bodies other than 
iron, and amongst which carbon generally predominates, reaches 
a variable amount. The melting point varies between 1,050° and 
1,300° centigrade. 

Pig iron cannot be forged. Sometimes, however, it is enabled 
‘to acquire, “‘to a certain extent,” the property of undergoing work 
by the hammer; then we have malleable cast iron, in which an 
important part of the carbon is in the state of invisible graphite. 
Steel and Wrought Iron—These products are distinguished 
from pig iron by containing as a rule less of carbon* and foreign 
bodies other than iron; by being malleable, and having a melting 


* Many white pig irons contain only 1.4 per cent to 1.8 per cent of 
carbon; natural steels contain 1.6 per cent to 2 per cent. The natural 
steels are produced in Styria, Westphalia, and other parts of the South of 
Europe by the partial decarburization of pig iron on the finery. 


— 
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point between 1,200° and 1,500° centigrade. But there are dif- 
ferent opinions as to what should be called properly stee/ on the 
one hand, and wrought iron on the other. 

First Opinion—From the chemical standpoint, there are 
included under the name of sfee/, in the strict sense of the word, 
the malleable compounds of iron having a certain content of 
carbon, and which are characterized by the extreme hardness 
which they acquire by quenching. Under the name wrought iron 
are included the malleable compounds of iron having a smaller 
content of carbon, often quite as hard ‘‘as non-quenched steels,”’ 
but not capable of being hardened to the same extent by quenching. 

Second Opinion.—It has been proposed to call: 

Wrought iron every iron product which is malleable and 
formed by welding; 

Steel every iron product which is malleable and has passed 
through the fused condition. 

In this connection the great influence of fusion has been 
justly remarked upon. In welded iron products formed of ele- 
ments more or less carburized, cinder is always found between 
the grains of the metal; the quality of the product also depends 
in a great measure on the workman. 

The iron products which have passed through the fused state 
are obtained at a high temperature; there is complete liquation 
between cinder and metal. The elementary (or constituent) bodies 
formed by cooling are welded together without the interposition 
of cinder. The quality of the product in this case does not depend 
on the skill of the workman, but on the quality of the raw materials. 
The resulting metal possesses. those peculiar properties which 
explain why American, English, Belgian, French and other metal- 
lurgists have adopted the name of s¢ee/ for every iron product which 
is cast and malleable. 

Cast steel is easily recognized by applying the appropriate 
methods. The structure of welded iron is such that the presence 
of the cinder can be recognized by examining the fracture with 
naked eye, or with microscope; either directly or after a chemical 
or mechanical operation; whilst in the cast steel there is no cinder, 
or if there is, it is of local occurrence. 

Mr. Griiner would by no means accept this distinction and 
raised the following objection to it: ‘It would be strange if a 
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simple physical operation, fusion, should have on the actual 
properties and the name of metal a greater influence than its 
chemical nature.”’ 

It may perhaps be observed from what has already been 
said, that the influence of fusion on the chemical nature of the 
metal is very considerable all the same. 

Third Opinion.—The distinction between wrought iron and 
steel should be based solely on the property of hardening by 
quenching or not. 

Steels would be those malleable iron products which from 
any cause whatever harden by quenching. 

Wrought iron would comprise those malleable iron products 
which do not harden sensibly by quenching. 

According to the French customs law, the duty on steel is 
only applicable to those steels which harden by quenching. 

But the customs tariff contains the following clause: 

“The other steels are subject to the same duty as wrought 
iron, whatever quantity of cinder they may contain.”’ 

This phrase clearly points to the admission that there are 
steels which do not harden by quenching. Nevertheless, the 
present opinion is that arrived at by the international committee 
assembled at Philadelphia in 1876, which numbered among its 
members MM. Lowthian Bell (Sir Lowthian Bell, Bart.) and 
L. Griiner, the latter as a corresponding member. Wrought iron 
then being separated from steel by property of hardening by 
quenching, the following distinctions were made: 

1. Weld iron, Schweisseisen, fer soudé; Ingot-iron, Fluss- 
eisen, fer fondu; 

2. Weld steel, Schweissstahl, acier soudé; Ingot-steel, Fluss- 
‘stahl, acier fondu. 

These very divisions are indicated in an official order under 
date January, 1889, addressed to the German Railway Companies, 
with the view to establishing uniformity in the nomenclature of 
materials in wrought iron and steel used in railway work. 

It may be as well to observe here that quenching is not always 
considered a means of increasing the hardness of steel. 

For, amongst the new steels (which contain other bodies than 
carbon and iron) some instead of becoming harder by quenching, 
become easier to work.* 


* As the manganese steel and nickel steel. 
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The German official order says: 

“The line of demarcation between bodies susceptible of 
hardening by quenching, and those are not, being very difficult 
to determine materials having a tensile strain of 50 kilograms. 
per square millimeter (about 32 tons per square inch) and above, 
shall be considered steel; materials with a lower tensile strain shall 
be considered iron” (wrought iron). 

Fourth Opinion..—The fourth opinion is one that results 
exactly from the foregoing lines. It consists in taking as the limit 
of demarcation between wrought iron and steel arbitrary figure 
expressing the resistance to tensile strain in kilograms per square 
millimeter. 

This classification is the most artificial of all. 

Conclusions.—Not one of these definitions gives a precise 
meaning to the words iron (7. e. wrought iron) and steel, or expresses 
synthetically the characteristics which distinguish the one product 
from the other. 

Quenching cannot, any more than tensile strain, differentiate 
iron from steel in cast metal. Quenching always modifies the 
deformability (that is the capacity for undergoing work in the 
cold state) or the softness of the metal; and as regards the tensile 
strain, that may vary between very large limits according to the 
temperature at which the test is made. 

The distinction between a cast and welded product is the 
easiest to fix. Such indeed is the opinion of the eminent German. 
metallurgist, Professor A. Ledebur, of the Freiberg School of 
Mines. 

M. Ledebur recognizes that fusion is the characteristic that 
has been chosen to differentiate wrought iron from steel not only 
in America, England, France and other countries (including 
Sweden and Belgium) but even in Germany itself, where many 
works bear the name of Stahlwerke (steel works) while at the 
same time they are making only ingot iron (Flusseisen) which, 
practically speaking, is incapable of hardening by quenching. 

At the International Congress of Engineers held in Chicago 
in August, 1893, M. Campbell, metallurgist of Steelton, in answer 
to a remark made by Dr. Wedding, of Berlin, gave his formal 
opinion in the following set terms of the definition given in 1876 
by the International Committee for distinguishing iron from steel: 
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“With all due deference and respect for the group of metallurgists. 
who formulated the system used in Germany and recommended 
for universal adoption, I have always considered this nomenclature 
as founded on error and impossible to practice.”’ * 

To sum up, the second opinion by which a malleable iron: 
product is called by the name of steel when it is cast, and by the: 
name of iron (7. e. wrought iron) when it is welded * although it. 
only gives an incomplete idea of the properties of each of these two: 
products, remains, all the same, the clearest, the most synthetical,. 
and the one which is almost universally employed.* 

Blister steel is cemented iron (2. e¢. wrought iron). 

Natural steel is a hard wrought iron not thoroughly refined,. 
like puddled steel. Mechanical work is the means by which it is 
endeavored to render these products homogeneous. 


* The association of German ironmasters has from the first rejected! 
the definitions relating to iron and steel enunciated in 1876 at Philadelphia. 
by an International Committee of Metallurgists (‘‘Journal of Iron and 
Steel Institute,” 1878, Vol. II, p. 592), definitions according to which the 
distinction between wrought iron and steel should be ascribed solely to. 
harden by quenching, as has been described above. But after the success. 
of the Basic Bessemer Process in Germany, the said association rescinded 
its decision for reasons of commercial interest which no longer exist to-day- 


A PROPOSED TEST FOR DETECTING BRITTLENESS 
IN STRUCTURAL STEEL. 


By J. P. Snow. 


It is felt by many users of structural steel that mill inspectors 
‘should give more attention than is now usual to the detection of 
brittleness in our bridge material. Brittleness may be due to 
improper heat treatment or to segregated carbon or phosphorus. 
These defects may occur in material rolled from part of the slabs 
‘derived from a given ingot, while material rolled from the same 
melt, or even from other slabs of the same ingot, may be excep- 
tionally good. If the ordinary tensile and bending tests of the heat 
from which the material in question is derived should be taken from 
those parts where objectionable segregation had not occurred and 
which had received proper heat treatment, the results would not 
expose the brittle features of the part supposed to be bad. 

The desideratum is a practicable method of testing, which 
will furnish the inspector a means of detecting brittleness in any 
piece that comes from the rolls that he suspects may be objection- 
able. The object of this paper is.to suggest a scheme which seems 
to me to answer this requirement. 

Prime essentials of a test of this sort are simplicity and quick- 
ness of accomplishment. Mill men say, with reason, that they 
cannot hold stock until machine-finished samples can be prepared 
and elaborate tests made. Iam informed that much of the mate- 
rial now being used is many miles from the mill, on its way to the 
fabrication shop before the testing-machine work is done on the 
specimens that are supposed to determine whether the material is 
to be accepted or rejected. 

Determining the temperature of the metal after or before the 
last pass through the rolls is neither efficient, precise nor conclusive. 
Delaying the piece before the last pass until the right temperature 
is reached, refines only the outer skin of the material. It is not the 
function of buyers to tell the manufacturer how he shall produce 


; 
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his steel or at what temperature he shall roll it, but rather to ascer- 
tain if the product which he offers is suitable for their uses. This 
can be best accomplished by testing the finished product in a direct 
way. 

The scheme herein proposed is in substance a nicked bending 
test on crop ends of plates and shapes as they are trimmed at the 
rolling-mill for shipment. 

A nicked bend is proposed because the object is not so much 
to see if the specimen will bend without fracture, as to open up the 
grain of the steel, to see whether it is fine and silky or coarse and 
crystalline. 

It is proposed to take a generously wide piece of crop end so 
that the effect of the shear at the edges will not affect the result. 
It is deemed unfair to the manufacturer to depend upon narrow 
sheared specimens for this scheme of bending, because the injurious 
effect of the shear should not be assessed against the quality of the 
steel. Punched specimens are ruled out for the same reason. If 
narrow specimens with milled edges or punched specimens with 
reamed holes are used, the vital element of quickness of accom- 
plishment is lost; for, while the specimens are awaiting their turn 
at the finishing machine, the plate or shape from which they are cut 
is loaded for shipment or covered up in a pile of other stock. The 
scheme proposed will tell 
its story, if desired, before 
the rolling heat has left the 
piece. Itcan be executed 
anda decision reached al- 
most as quickly as the sur- 
face inspection of a plate 
* can be made. 

In detail the scheme 
is: to shear from the crop 
end a piece say 12 inches 
wide and nick it about 3 
inches from one edge, pre- 
ferably across the direction 
of the rolling, with a tool 
made for that particular 
thickness; clamp it in a hydraulic vise and bend the free end over 
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by power. The sketch shows in outline a possible bending vise. 
Both the vise and bending roller are to be actuated by hydraulic 
power, which is always available in a rolling-mill. 

The nick is proposed to be made with a tool like a blacksmith’s. 
flatter, having a raised bead on its face. 

Nicked bending tests by impact have been recommended in 
the past by many investigators. In 1892 Le Chatelier advocated 
such tests before the French Committee on Methods of Testing, 
and since that time work on these lines has been done by Barba, 
Considere, Le Blant, Aucher, Fremont, Osmond and Charpy in 
Europe, and by S. Bent Russell and others in this country. All of 
these experimenters sought to determine the resilience of the mate- 
rial by impact tests; thinking to replace the ordinary tensile tests. 
by these determinations. But as shown in Johnson’s Materials 
of Construction, impact testing is surrounded by so many uncer- 
tainties that it has never been found commercially practicable for 
structural materials. Evidently the constant effort has been to: 
make the test prove too much. In the scheme herein advocated 
the object is not a complete physical test of the material, but simply 
an examination of the grain, as shown in the ae to ascertain 
if the material is brittle from any cause. 

To insure a fracture in ductile material, he deformation must 
be localized by anick. The form of the nick, its depth and shape 
must be determined by experiment, but for a beginning it is sug- 
gested that a depth of } the thickness of the specimen be tried; the 
bead with which the nick is made, to have the form of the Whit- 
worth screw thread. Investigation may show that a single size of 
nick may be used for different thicknesses, but it is probable that 
each thickness should have its particular size. The nicking die 
may be struck by hand hammers, or a light quick-acting steam 
hammer may be provided for the purpose. 

As to the method of producing the deformation it is possible 
that the distinctive difference between material that is good enough 
to be accepted and that which ought to be rejected cannot be 
brought out by making the bend with a press. It may be necessary 
to use impact, as was done by Fremont in a series of experiments 
described by him in a paper published by him in Metallurgie in 
February, 19ce1, a translation of which by Professor C. L. Crandall, 
of Cornell University, is appended to this paper. These experi- 
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of sufficient velocity (see Fig. 8). We know that ordinary struc- 
tural steel when nicked and bent will invariably break unless it 
is exceptionally ductile and in very narrow specimens; hence, it 
seems that a press bend on a wide specimen will certainly produce 
a break and show up the grain. A press bend, if effective, is prefer- 
able to a blow on account of its more certain action and because 
it does not need adjustment for different thicknesses as would be 
needed if the bending were done by a blow. 
It is believed that a test of this kind will expose coarse grain 
in steel, due to improper heat treatment, segregation, bad chemis- 
try or any defect that tends to brittleness. The engineer may, 
under present specifications, demand certain chemical and physical 
qualities when buying steel. He may not be justified in prescribing 
the exact ratios of the many “ites” or the precise “eutectic values” 
of the various compounds that enter into the solution which the 
- manufacturer gives him for steel, but he may reasonably demand 
simple tests like that advocated here to satisfy himself that the 
material is free from brittleness. 
In the past, when puddled iron was the usual structural mate- 
rial, engineers depended largely upon bending tests to ascertain 
the quality of the output of the mills. Our member, Mr. C. C. 
Schneider, has told me that he cared little for the tensile strength, 
elongation and other physical features of wrought iron as deter- 
mined by the testing machine, but that he set great value on cold 
bending tests of scrap ends. Sir Benjamin Baker, when engaged 
upon the Forth bridge, stated that he placed more reliance upon 
bending tests of mild steel than upon testing-machine determina- 
tions. With the steel of the present day we must test for ultimate 
strength to secure a grade that can safely undergo the ordinary 
shop manipulations and examine the chemistry to secure uniform 
_ composition, but have we not too much lost sight of the valuable 
- old-time feature of bending? The ordinary plain bending will not 
always show us the grain of the steel. In fact, the width of the 
specimen and the radius of the bend are so selected in our usual 
specification that ordinarily good material will bend without frac- 
ture. Its ability to do this is the gage for acceptance. To this end 
- the sheared edges are planed, which defeats the very purpose of 
_ the test desired on account of the time involved in the operation. 


ments show that a ductile steel may be broken short off by a blow 
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Moreover, we bend but one specimen for each melt, which assur- 
edly does not attempt to control the rolling heat. 

It is true that the proposed test may involve closer attendance 
of the inspector at the mill than our usual commercial testing 
requires, and it may be impossible to define the lines by which an 


inspector shall be governed in rejecting material, as sharply as can be 


done under our present system, but the inspectors’ attendance can 
be arranged for, and the results reached by Fremont give us a clew to 
what may prove to bea proper criterion for acceptance or rejection. 

Referring to Figs. 11 and 12 of Fremont’s paper, it will be 
seen that when a specimen of non-ductile material is bent, a hard- 
ened ellipse tends to form on the compression side which acts as a 
heel around which the fibers on the tension side have to stretch. 
If the specimen is nicked, this stretch is localized and confined to 
the fibers at the bottom of the nick and breaking is sure to occur, 
as is explained in detail by Fremont (Fig. 28). If the material is 
somewhat ductile and the specimen narrow, the compressed metal 
flows outward as shown by Fremont’s Fig. 11, and explained by 
Figs. 18 andig. This flowing out assists compression and tends to 
decrease the stretch required on the tension side by removing the 
heel farther from the tension face; and hence helps towards a 
gradual break instead of a short one. This consideration explains 
the well-known fact that wide specimens will not bend so success- 
fully as narrow ones. 

If, in the proposed nicked bend, the specimen breaks. 
around Fremont’s “ellipse of enlargement,’’ instead of square 
across, or if it does not break clear through, as in Figs. 9, 10 and 
13, we may safely conclude that the material is not brittle. If 
the break is square across and the fracture silky or but partly 
granular, we may presume that the heat treatment was good and 
segregation not excessive; but if the fracture shows crystalline 
facets or appears dull and cokey, it would be ground for rejection. 
I am sure that workable limits can be fixed for the guidance of 
inspectors after sufficient careful experimenting. It is possible 
that thick and thin material cannot be brought to follow the 
same law, but rules can be established for varying thicknesses. 
Material that is known to be good and that which is known to be 
bad, both from overheating and segregation, can be experimented: 
upon and safe extremes established. 
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Metallurgical literature is filled at present with complaints 
of poor structure in rails and to some extent in other steels. The 
complaint is not quite so common in regard to structural steel, for 
the reason, probably, that it is usually in thin sections, which cool 
to a lower temperature than thick ones while passing the rolls. It 
: is the case, however, that rolled beams have sometimes proved so. 
brittle and untrustworthy that some engineers dislike to use them 
in railroad bridges. It is likely that the principal reason for this 
a condition is too high heat during rolling due to their heavy section. 
; If the crop ends of such beams are sheared up so that a section of 
i the web or flange can be nicked and bent in the proposed machine, 
A the coarse structure, if it exists, will surely be exposed and the beam 
q saved from discrediting its species when put into service. 
| 
. 


A similar test on crop ends of rails could be made while the 

rails were passing the straightening press, and many of those having 

| _—s coarse structure at center of head, open grain, lamination, pipes, 

sulphur flaws, or other defects that one drop test in five heats 

___ does not detect, would be saved from going into the track and 
causing trouble for both user and manufacturer. 

The above scheme of testing is submitted for consideration by 

: our members. It is intended to supplement the usual tests for 

____ physical qualities, and is suggested as a means of satisfying buyers 

| __ of steel that their material is sound and free from brittleness. It 

is cheap in installation and operation, and requires the inspector’s 

| _ continuous attendance at the shearing end of the rolling-mill where 

; he belongs. If properly executed, it should tend to allay the 

agitation that is now going on among users of rails and structural 

steel in regard to heat treatment, open grain and other rolling-mill 

defects. If the scheme is objectionable to manufacturers, it is. 

.respectfully offered for their free criticisms. 


*The joint discussion of this paper and the succeeding one on “‘Tests 
for Detecting Brittle Steel,” by Wm. R. Webster, follows on pp. 272-281. 
—Ep. 


APPENDIX. 


EXPERIMENTAL STUDIES OF THE CAUSES OF BRITTLENESS 
OF STEEL.* 


By CH. FREMONT. 


It has been known for some time that certain irons and steels classed 
as very satisfactory by tension tests, are not found so in the bending 
tests upon grooved bars. 

A certain metal, tested by tension, had a good elongation, a well 
‘pronounced reduction of area, and the area of the diagram which 
Poncelet calls résistance vive of rupture, represented an important number 
of kilogrammeters. 

The same metal, taken under the form of a bar grooved by a saw 
would break off by bending, following a plane, or nearly so; the volume 
affected by the deformation would be very small and the resistance vive 
of rupture would represent only an insignificant number of kilogrammeters. 

The brittleness can be sufficiently great to be shown by a test of 
static bending. 

I will take as examples two steels respectively designated under the 
numbers g and 16, and coming from different manufacturies. 

Each was tested by tension, in the direction of the fiber in three 
‘mechanical laboratories. The results are given below: 


STEEL No. 9. 


ke Tbs. kg tbs. ke tbs. 
5 DIF Tenn CM hoa v OR AEA ROT 31.25 (44375) 20.0 (42458) 
Ultimate strength......... 60.3 (85626) 59.35 (84275) 57.2 (81224) 
Elongation, per cent....... 23.5 ; 23.25 28 
Contraction, per cent....... 7° 


STEEL No, 16. 


kg tbs. kg tbs. kg tbs. 
Milastic limit: stig. sieve sre 33.25 (47215) 40.7 (57704) 
Ultimate strength......... 60.7 (86104) 59.25 (84125) 57.2 (81224) 
Elongation, per cent. ...... 22 19.75 22.20 


‘Contraction, per cent........ 60 


*Translated from Bul. Soc, A’Encour., Feb., 1901, by C. L. Crandall, 
Cornell University. 


: ‘wie 
7 > he 7" i 


FREMONT ON CAUSES OF BRITTLENESS OF STEEL. 257 


The width of the bars did not permit testing directly crosswise. I have 
since determined indirectly the resistance crosswise by shearing and at 
the same time I have verified the resistance lengthwise. I have thus 
i found: 
STEEL No. o. 
Lengthwise ........... Resistance in shear 30.31 (43040.) 
\ From which resistance to tension 60.62 (86090). 
mo. SARGSS WIRE) +2 .ose ae ae Oe a | Resistance in shear 28.14" (30058). 5 
@ From which resistance to tension 56.28 (79917). 
STEEL No. 16. a 
Lenpthwise...... os << >: Resistance in shear: 29.77 (42333). 
From which resistance to tension 59.54 (84665). 
SSPOSSWISE Wa piel ures cae baie Resistance in shear: 28.14 (40000). 
From which resistance to tension 56:28 (Sooo). ; 
i Fig. x is a half-size reduction of the tension diagrams superposed ; 
__ as registered by the machine. The full-size ordinates give the resistances ; 
4 to a scale of 284 kilograms per millimeter (15527 pounds per inch) the ™ 
full-size abscissas give the elongations, natural size. The full curve cor- J 
responds to steel No. 9, the dotted to Steel No. 16. ; 
, 1 
; 
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Pralk 2 kgm. 3.5 kgm. 4kgm. 9.5 kgm. 


Pawciw Diack Fics. 2 and 3. Fics. 4 and 5. 


BENDING DIAGRAMS. 


& 

i a 
} It is seen that in tension the two steels have a fair elongation for 

their hardness; their coefficients are quite analogous, with a little more 
-ductility and résistance vive for No. 9. 

Now let us take the same metals by static bending; the bars are, as . 
are all I have employed, 30 millimeters (1.18”) long by tro (.4”) wide and 
8 (.31”) thick; they are grooved opposite to the impact, by a saw line, 
I mm. (.04”) wide and 1 mm. (.04”) deep. 

The Figs. 2 to 5 give the diagrams of bending. 

Fig. 2 Steel No. 9 crosswise. 


Rie tha “—““Tengthwise. 
““ 4 Steel ‘“ 16 crosswise. a 
mee ae “ “lengthwise. 


For steel No. 9 the rupture was abrupt, with a small amount of work, 
2 kgm. (14.4 foot pounds) crosswise and 3.5 kgm. (25.2 foot pounds) 


Lt 
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lengthwise. For steel No. 16 in which the ductility in tension was a 
little less, the work of rupture by static bending is notably greater; 4 kgm. 
(28.8 foot pounds) crosswise and 9.5 kgm (68.5 foot pounds) lengthwise. 
But these are meagre results. 

Figure 6 shows a standard of comparison; it is the diagram of static 
bending of a similar steel, 60 kg (85320 
pounds) tensile resistance and 20 per cent. 
elongation, but not brittle. All things 
being equal, the rupture is made progres- 
sively with an expense of 21 kgm. (151.4 
foot pounds). Another similar test piece of 
the same steel, tested in bending by shock 
required 23 kgm. (165.8 feet pounds). 

The four test pieces crosswise and 

Se ase lengthwise of the two steels Nos. 9 and 

Fic. 6.—Bending Diagram, 19, broken by static bending are shown 
in Fig 7 magnified 34 diameters. 

One sees immediately as a corollary of these figures, that the rupture 
produced follows a plane passing in the middle of the groove, and that 
the volume of the metal concerned and the lateral deformations are 
small, especially for No. 9. : 

When the brittleness is not sufficiently. apparent in static bending, 
one may make it evident by having resource to bending by shock. In 
this case, it is necessary that the height of the fall of the hammer should 
be sufficiently great. Brittleness shows itself habitually only starting 
from a certain velocity of impact. 

Thus, six grooved test pieces of the same steel and of the same 
uniform type, marked respectively with the numbers 1, 2, 4, 5, 6, 3, were 
tested by bending by shock and broken under velocities respectively of 
mmeter,; (39.37), 1-10" m(4313"), Tee. (47.24”), 71330 Nt (5-2 ooo 
T Aone (S Ss) At hO mI (SO) 

The photographs are shown in Fig. 8. The first five test pieces have 
undergone deformations differing but little; the sixth, No. 3, alone broke 
abruptly; the metal had become brittle for a velocity of fall of 1.50 m. 
(59”); it was not for the less velocities. 

To explain these facts, one supposes that the transmission of force is 
not instantaneous, but depends upon the velocity of impact. The 
volume of metal affected will depend upon the velocity and diminishes 
inversely asit. Consequently in the product of resistance by deformation, 
the factor ‘‘deformation,’’ decreases when the velocity of the blow is 
increased, the product itself diminishes and the rupture takes place with 
less work. 

M. Cornut expressed himself as follows upon this subject in 1889 :* 

“If we suppose that a piece of steel, iron, etc., is submitted to a 
continuous effort, slow and progressive, one understands perfectly that 


*Etude sur les essais des fers et des aciers. 
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No. 9. 


Fic. 7.—Steels Nos. 9 and 16 Broken by Static Bending. (Magnified 3} 
diameters.) 
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this persistent effort is transmitted successively from molecule to molecule, 
in such a way that all the molecules of the body are sensibly submitted to 
the same effort. In the case, on the contrary, where the effort is sudden, 
instantaneous, one understands that all the molecules of the body do not 
have time to distribute this force, and that the first molecules touched 
can be torn apart, while the other molecules would sustain no apparent 
shock. 

‘Metals can then present very different qualities when they are sub- 


mitted to slowly applied forces or to suddenly applied ones.”’ 


Fic. 8.—Tests with Grooved Specimens at Different Velocities of Impact. 
(Magnified 14 diameters.) 


In support of this opinion, one may take a well known experimental 
fact; the influence of velocity upon the results of tension tests. It is 
known that an increase of speed slightly increases the resistance and 
slightly diminishes the elongation. 

But these variations do not extend far and are not proportional to 
the speed; tension tests with the aid of explosives furnish figures 
sufficiently near those of ordinary tests. 

Even by bending, with good metals one can find results independent 
of the speed of the test, 

Fig. 9 is the photograph of a test piece marked P (pressure) and tested 
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by static bending; Fig. ro is a photograph of a test piece cut from the 
same metal; it bears the mark C (shock) and has been tested by bending 
by shock. (Magnified 34 diameters). In both cases the deformations, 


Fic. 9.—Test Piece Broken by Static Bending. (Same material 
as in Fig. ro.) 


Fic. 1o.—Test Piece Broken by Shock. (Same material as in Fig. 9.) 


which the original parallel lines marked upon the bars before testing, 
allow of following, are nearly equivalent and the disturbed volume re- 
mains nearly the same, in spite of the great difference of velocity in 


262 FREMONT ON CAUSES OF BRITTLENESS OF STEEL. 


the two tests. In both cases the amount of work expended was prac- 
tically the same: 25 kgm. (180.25 ft. pounds). 

It is thus shown that the assumed opinion, although it may contain 
a certain amount of truth, is not sufficient in itself alone. To verify it 
let us €Xamine the results of experience. 


Fic. 11.—Bending Test of Polished Specimen showing Deformation. 


‘Take a piece of steel of any quality, under the same form of grooved 
bars, and begin to bend it as shown in Fig. 11 (photograph) and 12 
(diagram). If the lateral surfaces were sufficiently polished, the defor- 
mations would be easily seen. They are formed by the superpcsition of 
; two elementary deformations, one by 
depression, the other by enlargement. 
The depression EF GBH (Fig. 12) is 
nearly an ellipse in which the major 
axis coincides with the line A B joining 
the point of impact with the groove; 
Fic. 12.—Diagramof thedeformatior the enlargement is a portion of an 

shown by Fig. rr. ellipse having the same major axis as 

the preceding, but the extremities of 

the major axes do not coincide. These are for the ellipse in depression, 
the point of impact B and a point placed a little below the groove; 
for the ellipse in relief the bottom A of the groove and a point placed near 
that of impact. The two ellipses have a‘common part A G B H which is 
itself quite elliptical and in which the deformations by depression and by 
elevation are superposed and neutralized in part. There results from 
this that the maximums of deformation may be depression, may be 
elevation, are localized at the limit of the common ellipse and will be 
transferred from one part by two anticlinal lines, B G, B H running from 
the point of impact, from the other part by two synclinal lines, F G, EH 
starting in the vicinity of the groove. When one continues the bending, 
rupture naturally follows the weak lines, that is to say the synclinal lines 


‘3 
; 
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with progressive stretching along these lines, great reductions of area 
great expense of work; and finally the lower part of the bar bends with- 


Fic. 13 —Character of Break with Non-Brittle Steel. 


out rupture; the effort should continue throughout the bending. 


It is thus with non- 
brittle steels of which 
Fig. 13 is the type. 

In the case of very 
brittle steel (Fig. 14 
or 8-3) the enlarge- 
ment ellipse is reduc- 
ed almost to nothing: 
rupture occurs from 
top to bottom by ten- 
sion, following the 
plane which joins the 
groove with the point 
of impact; the defor- 
mations to the right 
and left of the plane 
of rupture are reduced 
to a small structure 
throughout nearly all 


Fic. 14.—Character cf Break with Brittle Steel. 


the length; rupture is made abruptly with a very small expenditure of 


work. 
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For steels of intermediate quality, the phenomena which accompany 
bending tests are a combination of those which we have found associated 
in the extreme cases. The enlargement zone C B D GK H (Fig. 15s) is 
stopped at K between the groove and point of impact. Under these 
conditions, rupture begins by tension, almost as for brittle steels, and 

continues as far as K. There it meets 
x the anticlinal lines K C, K D and follows 


2 one of them or both according as the 

conditions are more or less symmetrical 

for the two parts (Figs. 8-1, 8-2, 8-4, 

- 8-5, 8-6). However, as the formation 

Pete ahaa chinwiat saatartie of the anticlinal line in the part H G 
tion of ordinary quality of Steel. (Fig. 15) is opposed by the superposition 


of the depressed zone, it may happen 
that the rupture will follow the prolongation of A K.; but it will not be 
as abrupt as for the steels where the enlargement zone is ean 
So far we have discussed facts. 
For their interpretation we will now cite a simple case. 


okie 


Fic. 16.—Diagram of a grooved Fic. 17Rupture of test piece 
test piece under tension. shown Fig. 16. 


li we take a test piece of rectangular section and cut upon one face 
a semicircular groove (Fig. 16) and then submit it to tension, it is known 
that it will break in its weakest part in the center of the groove and along 
a plane perpendicular to the axis (Fig. 17). 

A constriction, more pronounced as ‘the metal is more ductile, 
appears upon the three ungrooved faces, but this stricture will be limited 
to the width of the groove. 

If, in the preceding test piece, the two lateral faces are reinforced 
opposite the groove by a semi-elliptical enlargement (Fig. 18) and the 
reinforced test piece submitted to tension, rupture could no longer follow 
a plane perpendicular to the axis, on account of the supplementary resist- 
ance supplied by the enlargement; the deformation will then be around 
the enlargement and this time we will have two strictures one on each 


j 
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side of this enlargement; rupture will follow one or the other of these 
strictures (Fig. 1g). 

In the bending tests of grooved bars, the artifical enlargement which 
we have assumed for the tension test piece is naturally produced by the 
deformation of the compressed zone. And it is seen at once as a conse- 
quence of the facts of observation and experience related above, that a 
steel will be more or less brittle, under determimed conditions, according 
as under these conditions the enlargement zone of the compressed side 
is more or less small or flat. In other words, the results of the test will 
depend upon the position of the point K, the vertex of the ellipse of 


Fic 18.—Diagram of reinforced Fic. 19—Rupture of test piece 
test piece under tension. shown in Fig. 18. 


compression (Fig. 15) and of the projection of the enlargement beyond 
the primitive plane. Should the point K extend as far as A (groove) or 
beyond, the metal will not be wholly brittle; should the pomt K remain 
in the proximity of B, the metal would be extremely brittle; it would 
be of intermediate quality for the intermediate positions of K. It is 
useless to add that the projection of the enlargement is of no less import- 
ance than its position. All of this seems a flagrant contradiction of the 
accepted ideas upon the existence and position of the neutral fibers which 
are considered as forming a plane parallel to the compression and ten- 
sion faces of the test piece and equally distant from them. It is true 
that these ideas cannot be extended indefinitely beyond the elastic 
limit. But it is certain from the observation of facts that in the limits 
of permanent deformations, the surface of the neutral fibers is neither 
parallel to, nor equally distant from the faces. The areas of depression 
and extension are not limited; they imtersect and the surface of the 
neutral fibers is the locus of the points where the depression is equal to 
the elevation. As to the position of this surface, it can vary with the 
conditions of the test, and other things equal, it varies with the quality 
of the metal. 

We will then put our conclusions in a new form and say. The 
nearer the neutral fibers approach the compression face, the more brittle 
the steel; and reciprocally, the nearer the neutral fibers to the tension 
face, the less brittle the steel. * 
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The fact that the neutral surface is not, or cannot be, at equal dis- 
tances from the compression and tension 
faces of the bar submitted to bending, clashes 
with another accepted idea, that of the equal- 
ity between the elastic limits of compression 
and tension. But these are the facts. We 
have just seen that with brittle steels, the 
zone enlarged by compression remains con- 
fined to the vicinity of the impact and pre- 
sents only a very small projection; in tough 
steels on the contrary, the zone enlarged by 
compression extends to the vicinity of the 
groove, and makes a projection in conse- 


quence. 

Fics. 20 and 21.—Com- I have tried to verify experimentally the 
pressed diagrams of resistance of greater or less differences between 
steels Nos. 9 and 16, the elastic limits of tension and compression. 


Ihave determined the elastic limit in com- 
pression of the two steels No. 9 and No. 16, for which I have given 
above the elastic limits in tension from two different laboratories. 
As the apparatus which I used in my own laboratory was not 
designed for this sort of work, I could not count upon very great 
precision. Nevertheless, the diagrams of Figs. 20 and 21 executed with 
care have given me the figures which are certainly exact to about 1 kg. 
per mm. (1,419 pounds per in.) I find thus 41.60 kg. (59,146 pounds) for 
the elastic limit in compression for Nos. 9 and 23,40 kg. (33,282 pounds) 
for that of No. 16. One recalls that the elastic limits in tension were 
respectively 29.90 kg. (42,505 pounds) and 31.25 kg. (44,440 pouuds), 
a mean of 30.55 kg. (43,408 pounds) for No. 9 and 33.25 kg. (47,278 
pounds) and 40.70 kg. (57,856 pounds), amean of 37 kg. (52,632 pounds) 
for No. 16. One sees that for No. 9 the elastic limit in compression is 
much greater than the elastic limit in tension; the metal is very brittle. 
For No. 16 the difference is in the other direction, even if one chooses 
the smaller value of the two (rather divergent results) found for the 
elastic limit in tension; this metal is not so brittle as the other, while 
still being far from ideal. 

Following the same line I have borrowed from H. Hadfield* the 
results of -his experiments, on the series/of alloys of iron and nickel. 
The elastic limits of tension and compression are brought together in 
two columns. 

Without having very precise data upon the brittleness of this series, 
one knows in a general way, that with forged bars, the alloys with a small 
amount of nickel are not brittle, that the brittleness appears with a 
sufficient amount, passes through a maximum at about 14 per cent. 


*Proceed. Inst. Civ. Eng. 
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and disappears at about 27 per cent. The sign and amount of the 
differences between the two elastic limits agree well with these data, 

I have been led to express my conclusions in a paper recently pre- 
sented at the Academy of Sciences * saying that a steel is brittle (that is 
to say breaks abruptly in bending with a small expenditure of work) or 
not brittle (that is to say breaks progressively, requiring an amount of 

__ work proportional to that required for rupture by tension) according as 
» the ratio of the elastic limit in tension to that in compression is less or 
greater than unity. 


show the amount of brittleness. 
3 From what we have just seen, all possible artifices capable of reveal- 
ing brittleness always lead to one of the following: to restrain the com- 
pression, or to favor the tension. 


; ae ; 
| * However, this simple form is probably too absolute, because the 
| _ elastic limits determined under ordinary conditions of static tests are 
} 8) 
| oa 
| Mecuanicat Tests By H. Hapri—etp Upon THE AtLoys IRoN-NICKEL.} 
q i _ - ———— — ——_— 
q | "5 
: Chemical Composition E astic lim- sees iia = eee 
| ; ' ~ | itsincom- | 2 “h 
| f pression . ee Reapbaren| + ena 
| c Mo | Ni oa ones 
| mie. eae | i= . : z 
o t A 0.19 °.79 0.27 22 19 31 : 35 
B o.14 0.75 ost | 22 20 3° 36 
1 € o.r3 0.72 0.95 20 25 23 { 3x ‘not brittle 
| D o.14 | 0.72 1.92 27 26 34 | 33. 
G E o.19 © 65 3.82 | 28 28 37 zo « 
| F o18 0.65 gor | 40 28 4 27 
| fo G o17 | 0.68 7.65 40 3x | 49 26} 
7 H 0.16 0.86 9.51 | 7° | 42 85 o | 
uy I o.18 0.93 | 11.30 100 | 65 o4 12 \ ~ 
: | very brit 4 
t | iP PORES °.93 15.48 | So 55 | 94 3 eg ) 
1 K o.19 2.93 19.64 Se) at i FE 7 
; L o.r6 1.00 24.51 50 32 77 } 13 
M o.t4 0.86 20.07 20 25 38 33 not brittle 
t 
| not exactly applicable in the case of tests by shock and upon grooved 
bars. It is sufficient to say, in order not to exceed the results found by 
experience, that a steel is or is not brittle according as its capacity for 
__,, deformation by compression exceeds or not its capacity for deformation 
| by tension under the conditions of the test. The static elastic limits. 
3 certainly form one of the factors in play but not the only one. 
| 4 We are now led to seek the experimental conditions necessary to 
| & 
) 
i 
| 


*T. CXXXII p. 202, Jan. 28, rgor. 
Proceedings of the Inst. of Civ. Engrs. Vol. CNX XVIII London, 
1898-1899. 
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For example, if one places a hard slightly deformable block m the 
compression side of a bar of non-fragile steel (Fig. 22) the metal will 
break by tension, with a small amount of work; it has become brittle. 

The role of the 
grooves is easily ex- 
plained. (I donotspeak 
of their form, which will 
be the subject of another 
paper.) The grooved 
test piece (Fig. 23) can 
be considered as the sum 
of a series of elementary 
pilates, a, b, c,d, eile, 

Fig 22.—Character of Break when Hard Block which will be submitted 

is inserted in Compression Side. successively to tension; 

but the first test piece a, 

the weakest, will have a very restricted elongation, hmited as a maximum 

to the width of the groove; if, then, the deformation by compression ex- 

tends only as faras the groove to reinforce the opposite metal, this first 

test piece will break as we have just seen along a plane passing through 

the middle of the groove ; the greatest effort 

which determines rupture is concentrated upon | 

a section so much diminished, and the break \ ] 

will spread instantaneously until it is arrested = 


enlargement has been able to form. In fact the 
groove has favored rupture by tension. 

In the absence of the groove, the elongation Fic. 23——Diagram of 
of the first elementary test piece is not localized; rupture of grooved 
but it may extend over the whole face. Here specimen of brittle 
again, the metal would be brittle if the defor- steel. 
mability by compression is relatively small, the 
greatest part of the total deformation is due to tension; but the con- 
ditions are the worst possible to bring out brittleness. 

To explain the influence of the velocity of the shock, one may 
assume the current idea, that is to say, the diminution of the disturbed 
volume is proportional to the increase of the velocity of impact; the 
zone raised up by compression is also decreased; but for this influence or 
effect it is necessary that the metal may be near a certain point of 
passage, in order that small variations may displace the surface of the 
neutral fibers. Jj the metal is very good or very poor, zits properties are too 
marked jor the role of speed to mantjest ttselj. 

By induction from proved facts, I foresee if such predictions are 
permitted, that other influences, known factors of brittleness, will some 
day be explained by the relative variations of deformability in tension 
and compression; thus the effect of the cold, that of work at a blue-heat, 
that of vibrations and fatigue 


by the enlargement due to compression, if this - Ea = 
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A . These experiments show that the tests by tension alone, or the tests 
by compression alone, do not define a steel. Both tests are necessary, 
and flexure which unites them is a complete method of testing, on condi- 

tion that one gives to it by well chosen devices the proper sensitiveness, 

neither too great (all steels appear brittle) nor too small (brittleness 
disappears). This can be obtained by grooves of appropriate forms and 
dimensions. 


TESTS FOR DETECTING BRITTLE STEEL. 
By Wiiti1am R. WEBSTER. 


All engineers aim to avoid the use of brittle steel in their 
structures. They have, very properly, specified such chemical 
limits as will eliminate this trouble in steel from segregation. This 
course has been followed in this country for years and does not 
need further comment. 

Most of the steel now made will meet all the requirements of 
the specifications in general use, with a large margin to spare. This 
has given a false sense of security and too many chances are being 
taken. In some cases the cold bending tests have been omitted on 
boiler steel and the material accepted on the results of tension tests 
alone. Hundreds of boilers are made every year under these con- 
ditions. Every now and then a plate fails in shop work and samples. 
taken from such plates will generally not bend flat cold, or any- 
where near it. We have no means of learning how many other 
brittle plates, which do not fail in shop work, are put in boilers. 
The failures generally occur in thick material, and in most cases 
the ordinary cold bending test as called for in our specifications 
would have detected the brittleness. 

There are other cases where axles, rails, etc., are put in service 
without any physical tests whatever. This is directly contrary to 
the specifications adopted by this Society and the opinions expressed 
in the discussions at our meetings. 

Some think that heat always has a softening effect on steel, as 
in annealing, and that the hotter the steel is finished in rolling or 
forging, the softer it will be. On the contrary, under such condi- 
tions, heat has a hardening effect and is one cause of brittle steel. 
The laboratory experiments on the effect of heat have been con- 
firmed by the results obtained from large masses of steel. Steel 
finished too hot in rolling or forging will have a large grain and will 
fail under the ordinary cold bending and drop tests. The engineer 
cannot ignore this any more than he could ignore the effect of 
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chemical composition. Under these conditions is it not proper 
and just that he demand of the maker some assurance that his 
steel is finished at the proper temperature and not at any tempera- 
ture? It is, of course, preferable to prevent, if possible, steel being 
made brittle, than to take the chances of its being detected after it 
has been made brittle. ? 

This Society took a decided step in the right direction in speci- 
fying that cold bends shall be made on each heat of steel in the 
condition it leaves the rolls. This has been more clearly defined 
by the Committee on Iron and Steel Structures of the American 
Railway Engineering and Maintenance of Way Association, in 
their specifications, as follows: 


“FPull-sized material for eye-bars and other material one inch thick 
and over, tested as rolled, shall bend cold 180° around a pin the diameter 
of which is equal to twice the thickness of the bar without fracture on 
outside of bend.” 


This requirement has been put in general use and necessitates 
the bars being finished in rolling at a lower temperature, and large 
eye-bars are now made which meet the requirements of full-sized 
tests, very much better than formerly. 

All of our present specifications make concessions in the 
requirements for the heavy material, and it is a question if we 
have not gone too far in that direction, as it assumes that such 
heavy material will, of necessity, be finished at a much higher 
temperature than the lighter material. It also does not induce 
the maker to improve his methods. The necessary improvement 
in the present methods which would be required to finish the heavy 
material at the proper temperature would decrease output and 
increase cost of such heavy material. Is the consumer willing to 
pay more for a better material? If so, the maker would, no doubt, 
meet him half way. 

It will not be necessary to adopt any of the more elaborate 
tests which have been suggested to detect brittle steel, if the finishing 
temperature is properly controlled and wide cold bends are made 
of the full thickness of the material as rolled. But in the case of 
forgings, castings, and other very heavy material, annealing will 
have to be more generally introduced. 


Mr. Kent. 


Mr. Sauveur. 


Beli ae ¥ a. 


DISCUSSION.* 


Wa. Kent.—That brings me back to ancient history again. 
When I was at Shoenbergers we had many kinds of tests. We 
had a test of bending a cold sample of the piece of plate, and then 
hammering it down flat. 

At one time I was called on to report on the Sherman process; 
some of you may remember that process. It was claimed to 
improve the quality of open-hearth steel, and the promoter said, 
“You take your tank-steel stock and make it as good as boiler 
plate by putting in a little physic.” We were then making several 
grades of steel, one boiler and fire-box, and the other tank steel, 
higher in phosphorus. In testing the Sherman process we arranged 
that there should be six heats made of our regular tank steel, and 
six other heats precisely like the first by the Sherman process, 
physic added. We found there was no difference between the 
two lots. The crucial test was the cold test. Plates 5-16 in. thick 
and 12 in. square were flanged over flat and bent down flat under 
the hammer, and the bent piece bent double again. Every piece 
of boiler-plate steel stood that test perfectly, but not a single piece 
of the tank steel either made ordinarily or by the Sherman process 
stood that test, but broke either in the first or in the second bend. 
So that was a complete proof that the Sherman-process steel was 
not as good as boiler-plate steel, and for this purpose the bending 
test was better than the tensile test. 

We found that boiler-plate steel was invariably lower in 
tensile strength than tank steel of the same carbon, and so much 
so that a plotted field showing the relation of strength to carbon in 
tank steel lay entirely above and outside of the field covered by the 
boiler-plate steel. I am very glad to hear this paper on cold 
bending, and I hope the steel men will take this matter up and let 
us know more about it next year. 

ALBERT SAUVEUR.—I was glad to hear that Mr. Snow favors 
the nick test. I think there is a very great deal to be said in favor of 


*Joint discussion of the two preceding papers, viz.: “‘A Proposed 
Test for Detecting Brittleness in Structural Steel,’’ by J. P. Snow, and 
‘* Tests for Detecting Brittle Steel,” by Wm. R. Webster.— Ep. 


DISCUSSION ON TESTS FOR BRITTLE STEEL. 273 


it. It is employed quite largely abroad by the French and German Mr. Sauveur. 
railways, but it does not seem to me that it has received the atten- 
tion it deserves from American engineers. The shortcomings of 
the ordinary tensile test is known to all of us. We know that very 
frequently metals which when subjected to the tensile tests had 
proved satisfactory, fail in service, and when we come to test 
pieces cut from the broken pieces very frequently also we find the 
metal apparently ductile. It seems to me that there is a certain 
particular brittleness which escapes the tensile test, and it is this 
kind of brittleness that is better revealed by the nick test. I think 
those of you who read the many papers written by French engi- 
neers on the nick test must come to the conclusion that it deserves 
more attention than we have given to it so far. 

I was also glad to see both Mr. Snow and Mr. Webster 
emphasize the importance of heat treatment. I think we are now 
all of one mind on this question. The difficulty is to find a suitable 
test that will control this heat treatment. It would seem at first 
as though the microscope might be the most promising way of 
doing it, and undoubtedly it can be improved in that direction. 
The difficulty of introducing a determination of structure in 
specifications it seems to me is very much of the same character 
as the difficulty which we meet when we desire to introduce the 
amount of combined carbon in cast iron specifications. We all know 
that we really don’t care for silicon, and yet it is the amount of 
silicon which is specified because of its influence on combined 
carbon. In none of the specifications do we require a certain per 
cent. of combined carbon, always depending for that upon the 
silicon present. In the case of the micro-structure we are in a 
very similar position. Take a cross section of a large steel imple- 
ment, and ‘the grain is so much affected by the rate of cooling that 
it is a matter of great difficulty to devise a suitable micro-test. If 
we take the structure in the center, we find it is much coarser than 
on the outside. Like the proportions of combined carbon in cast 
iron, the micro-structure of steel is greatly affected by the rate of 
cooling. 

J. A. Kinxeap.—In nick-bending there is another feature to Mr. Kinkead. 
be considered, namely, the right temperature of the piece. In 
making nick-bending tests of fire-box steel, on 4-in. or thicker 
material, it is rather difficult to get the desired fracture unless 
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the piece is heated slightly, say to 125°- If tested coid it will break . 
of short. 

W. A. Bostwicx.—It seems to me a word or two ought to be 
spoken 2s to the manufacturer. We have heard quite a good deal 
about what the user wants, and that the manufacturer needs to 
mect the user amd soom. As 2 matter of fact, the manufacturer 
ee a eee As an illustration of the 
necessity of regulating the heat treatment, so often referred to, the 
rolling of Lerge cyehar fats is 2 good example. The normal 
product of 2 mill rolling this class of material has been curtailed 
30 per cemf.to secure material that will be satisfactory m every 
respect. The manufscturer is Teady and willing to do anything 
withm reason, but we must not lose sight of commercial consider- 
anions. These propositions advanced here to-day, such tests as - 

mmatiiom of the micro-structure of rolled structural material, 
Ste ser sl Mle ite ical, desde ae nage ta 
net commercial Suppose a case, for example, where we have to - 
make nick-bendimg test for every bar of material rolled. We - 
might have a large order at 2 plant placed around at half a dozen 
different mulls being executed at the same time. It isreadilyseen 
that am army of Inspectors would be required to pass material, and — 
1 am saiisfed the user would get no better results from the manu- 
facturers tham be does now. At present consumers are not rushed _ 
for material, but it was not long ago that material was urgently | 
called for amd the question of quick shipment was of the utmost © 
consideration. I thmk, therefore, that we should not advocate 
demg anything that is goimg to depart from commercial consider- 
atoms im any respect. While micro-structure is an important thing 
im steel Imspection, the test specimen requires considerable time 
im preparation, 2nd time that will seriously impede the operation 
of the materials and the shipment of the finished product. 

-» HLL Cawegsri.—The microstructure test is not practical; 
it takes too lomg. Rapid imspectiom is necessary and is better for 
the comsumer and for the manufacturer. The statement that ~ 
every bar should be tested is unreasonable. There are arguments ~ 
for i Just 2s there would be for testing both ends of every bar, for 
ome end may be overheated while the other may be too cold. 

Jswes Cursrm—It would be very desirableto have a quick — 
and imexmensive but satisfactory method of testing the material — 


Tesla) Stel eral dea layla 2 eth, 
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as it is rolled in the mill. Such a result, if procurable, would save 
frequent expense and delay; also considerable friction between 
the producer and the consumer. 

There will be found in the proceedings of the Society of Civil 
Engineers for 1893 a paper read by the late Alfred W. Hunt, at the 
Engineering Congress in Chicago, proposing a method of testing 
by the recorded resistance and the work done in punching the 
metal. - During the discussion, I suggested to Mr. Hunt that he 
carry his proposed system a little further, and instead of relying 
on the punching test alone, to use a combined punching and 
drifting test. 

The suggestion was to form a tapered cone above the punch 
and use a segmental opening die. When the perforation was 
effected by the punch, the tapered shank behind it would follow 
up and drift or enlarge the diameter of the punched hole. The 
operation would be performed on a machine and the resist- 
ance and work done, both in punching and drifting, would be 
accurately recorded. It would apparently be quite feasible to 
perform this operation on the crop end of every bar that was rolled, 
if desired, with little expense and no waste of valuable material. 

J. J. Sauman.—There is no doubt that an occasional lot of 
steel goes on the market and into important structures that is not 
just what it ought to be, although tensile tests have been made on 
it. I suppose a test such as Mr. Snow proposes would be a good 
one, but after several years’ observation of the methods of inspectors 
I feel sure that it assumes too much intelligence on their part. 
While I am glad to say that I have met many bright men among 
the inspectors, I regret to add that I have also seen too many of 
the other kind. It is too bad that steel manufacturers should 


‘be at the mercy of young men of insufficient experience, 


working under iron-clad rules, and whose say-so can cost 
a manufacturer a great deal. It would be very desirable 
if some reasonable method could be devised whereby a man 
of only ordinary intelligence could determine whether steel is 
brittle or ductile. It may be, after all, that the maker himself can 
be relied on to work out the problem by original research. If 
brittle steel does go out of his mill he generally hears of it, and he 
hears from it in enough cases to set him to thinking and working. 
It will not need a difficult, tedious test such as is proposed to’ deter- 
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Mr, Shuman, 


Mr. Shuman. 
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mine this. I think the steel makers are working out the problem. 
There is much less steel spoiled by hot rolling now than there used 
to be, and I think we are all working in the same direction, and 
may be depended on to turn out steel that is thoroughly suitable 
for the work for which it is inteded. 

Wa. Mertcarr.—I don’t want to take up the question of heat 
treatment, but I want to say a few words and will tell a story about 
inspection. We.were inspecting 1o-in. shells, and the inspector 
had a hammer witha sharp steel point. He would examine the 
shells and occasionally he would find a shell with a rough surface 
and he would hammer it roughly in an effort to reject it. There 
were two rings to try over the shells to test the outside diameter. 
It was my custom always to stand opposite the inspector, and use 
one ring to help him. Presently along came a shell that was a 
beauty. It was burnished and polished bright, perfectly round 
in every way. The officer looked at it, examined it and rolled it 
over to me, and I rolled it off behind me. After throwing out 
about twenty shells in that way he stopped and looked at me. He 
said, “I don’t like this. I am sent here by the Government to 
inspect these projectiles under certain regulations. I find a shell 
all that it ought to be and pass it along and you throw it out, and 
it doesn’t seem to me fair to the manufacturer when a shell 
passes my inspection to throw it out. It seems to me you ought 
not to do it.””. He said, “‘ My inspection is sufficient and my orders 
are peremptory.”” When he got through, I said, “I will tell you 
that I have orders quite as peremptory as your own, and perhaps 
more important, to me at least, from the fact that if I break them I 
will be kicked out very promptly. My orders are to see that under 
no circumstances either a defective gun or projectile shall go from 
this place, and my business is to see that they don’t do it. These 
shells I have thrown out are perfectly worthless and extremely 
dangerous, but you can’t find it out because you don’t know how.” 
The next time another one came along I said, ‘“‘ Now look at this 
shell. There are little holes there about as big as a pin head, or 
rather as big as the point of a pin,” and I said, “Hit one of 
them with your hammer.” He finally hit a hole and it closed up, 
and he said, “That’s nothing.” I said, ““You don’t know how 
to use a hammer, and that hole is open instead of closed.”” I took 
a pin and put it into half a dozen or more holes, in some cases down 
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to the head of the pin, and I said, “If you send them out to your Mr. Metcalf, 


friends in the field the shells will be fired, and will burst in the gun 
and perhaps kill a lot of our own men.” I said, “Throw away 
your hammer.” He said, “I must have it.” “Well,” I said, “ if 
you must have it, keep it, but don’t use it here.” The result of 
it was that in a very short time he became exceedingly expert, and 
he became a life-long friend of mine. He was afterwards General 
Flagler, Chief of Ordnance. 

I want to say in regard to the papers of Mr. Snow and Mr. 
Webster, that so far as I know anything about steel, I am exceed- 
ingly well pleased with the good sense of the papers; only I would 
suggest to Mr. Snow that if he is going to use the nick test, he 
should be very careful to have an exceedingly sharp edge, so that 
when he makes a nick in the steel it will not compress it. Witha 
dull edge you press the grain and change the structure of the 
steel entirely under the nick. That is extremely important. 
I think the microscope will bear me out. You must cut the 
nick and not punch it. 

In regard to the grain, a great deal has been said about coarse 
grain. It sometimes is possible, in fact it is very possible, to have 
an exceedingly fine grain with a very brittle piece of steel. Another 
feature I think duck be tested, and that i is, to see that you have 
no fiery steel. I say fiery because it expresses it better than any- 
thing else I can say. It is a sure indication that that piece of steel 
has been too hot, too hot all the way through, and it may be still 
exceedingly fine in the grain. They should know not only the size 
of the grain, but the color. The color is all important in the 
structure of steel. It is quite as important as structure. 

As to what Mr. Campbell said about the necessity of testing 
both ends of a bar, I agree with him fully. In the manufacture 
of tool steel it is absolutely necessary, because you can make a 
piece perfect at one end and very fiery at the other, and at one end 
you have cast iron instead of steel and the fiery condition of the 
steel shows that condition very nicely. 

In regard to cold rolling, I am sure Mr. Campbell will bear 
me out, he knows as well as T that if you roll a piece too cold and 
break it open, you are apt to find a center that is quite black. It 
looks as if all the carbon in the steel had been concentrated and 
driven into the center. The fact is that by rolling it too cold the 
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rolls have crushed the grain of the steel, although in tool steel a 
piece that has grain may be worked into a tool and hardened 
beautifully. When you temper it, as soon as it reaches the ordinary 
temper color, you find the hardness has gone, and that that crushing 
has in some way affected the carbon, I believe it has thrown it out 
by too cold rolling. 

It is a very easy thing for the roller to roll the steel too hot and 
leave a coarse and very fiery grain, and when you come to temper 
it, the temper is all drawn out. On one occasion the roller had 
been instructed to hold back the steel until it was deep orange red, 
and I noticed one day that he was holding it back, not quite back 
to the dark color, but to what is called medium orange color. I 
remonstrated with him and said, ‘“‘ You are not getting that right.” 
He said, “Yes, we are. We followed your instructions implicitly, 
and when it got too low the grain remained rather coarse and 
fiery, but taking it at the right temperature you can arrange it 
very nicely, and it comes out a steel blue.’’ I examined a great 
many pieces and found that he was right, and the reason was 
that when they got to the point where they held the steel back 
to let it cool to the right temperature there was not much work to 
be done in making the finished bar, and when they held the steel 
down until it was a little too low it crystallized and hardened 
so that in passingthrough the rolls the pressure was not sufficient 
to change the grain, and the steel remained coarse and fiery. 

Henry Fay.—I have noticed during the last few years some 
phenomena in regard to the heat treatment of steel which appear 
to be contrary to some of the established facts. It is granted that 
the best way to finish a piece of steel is to work it down to the lower 
critical temperature, that is to about 700° C. This produces the 
finest possible grain which is so highly desirable. If, however, 
we reheat a piece of steel which has been subjected to this treat- 
ment we get a series of different structures depending upon the 
temperature and time of reheating. Simply treating again to 
700° is likely to change this fine-grained structure into a coarser 
structure, and if a very high temperature is reached the structure 
is very much coarsened. In reheating a series of bars of varying 
composition I found that refinement of the grain invariably 
takes place before the very coarse structure is produced and that 
this fine structure is produced on reheating to about 800°. In 
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other words, if we start with a piece of steel which has had its mr. Fay. 
fine-grained structure produced by working to the lower critical 
temperature, this same fine-grained structure will be maintained 
only when reheated to about 800°. The exact temperature will 
of course depend upon the composition and rate of heating. In 
some nearly pure iron, some steel tubing containing .o7 per cent. 
carbon, this temperature was 890°; in some steel containing 0.3 
per cent. carbon and 0.6 per cent. manganese the temperature was 
near 800°. In other cases this same phenomena was noticed. It 
seems to me that this refinement of the grain has some close 
connection with the temperature at which free diffusion of the 
various elements takes place, and there is some work now in 
progress in which it is hoped to verify this assumption. In the 
annealing of steel plates this is of considerable importance, since 
reheating to the critical temperature is not sufficient, but for each 
steel we must know the temperature to which it is necessary 
to reheat. 

In regard to Mr. Metcalf’s statement as to cold rolling, I had 
an experience several years ago with a piece of steel which was 
turned over to me in which there was a very serious segregation 
of phosphorus. The segregation took place about midway 
between the center, and on the outside of a 34-in. bar; on the out- 
side there was about .o7 per cent. of phosphorus, and in the center 
segregated portion about .19 per cent., showing that the phosphorus 
had been rolled from the outside material or had flowed from the 
center. Whether this was caused by cold rolling or by the fact 
that the outside of the bar had been heated to a high temperature 
and the heat had not penetrated the center, I am unable to say, 
but at any rate the piece was very interesting because it showed a° 
Very serious segregation. 

J. P. SNow.—One of the several weak points in my paper is yy, snow. 
the proposed manner of making the nick with a compression tool, 
as it might be called. I supposed some one would pick me up on 
it, because I objected to the use of the punch and shear on account 
of their tendency to injure the material by their compressive action. 
The method of nicking which I advocate is practically the same 
thing, but I put it forth because it is so quickly and cheaply exe- 
cuted, and I hope that it will be efficient. JI am not sure, in spite 
of all the talk we have had, but what the test may be effective and 
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efficient for the purposes for which it is intended. We don’t expect 
these specimens to bend without breaking. What we want them 
to do is to break, but we don’t want the tool to affect the material 
so as to disguise its proper nature. If it is impossible to make the 
nick with a chisel so it will break properly, we must make it with 
a cutting tool. The objection to the cutting tool, is the fact that 
it takes more time to use it than the chisel which I described; but 
perhaps this objection could be overcome if necessary. 

Another weak point is the one that Mr. Schuman brought up, 
about the danger of the inspector rejecting material which he ought 
not to. I realized and so stated in the paper that it might be 
difficult to define the exact limits which should govern the inspector 
in accepting or rejecting material. It may not be necessary to 
depend on an inspector for a decision. I for one, as a buyer of 
steel, am willing to leave that to the manufacturer and have the 
inspector there simply as a check. If he will send me a description 
of the fracture, I will risk the manufacturer to reject the material 
if it is very bad. I have a great deal more faith in the manufac- 
turers than some seem to have, and I don’t believe they intend to 
send out poor material. They cannot tell a bad beam, for instance, 
from a good one, simply by looking at the outside; I think they 
ought to see the grain. There is a necessity for it, and I believe 
some such test as I have advocated will enable them to see it. If 
it had fiery grain and entirely poor structure inside, I am sure they 
would not send it out to their customers. 

W. R. WessTER.—I should like as a matter of record to call 
attention to a recent paper by Professor Unwin. He advocates 
more requirements in the tension test, and the abandonment of 
the bending test. That is just the opposite of what is advocated 
here. The trouble at the present time is that often no bending 
tests are made, and when they are made on specimens they 
fail to give correct information. If bending tests are made on 
pieces of the full thickness of the material they will often show 
the brittleness revealed by the nick test. 

C. C. ScHNEDER.—I have made a large number of bending 
tests on full-sized eye-bar flats of various sizes. These tests have 
proved to be one of the most convenient methods of detecting 
brittle material; they are not expensive to the manufacturer and 
can be readily made at the mill without delay. These full-sized 
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tests can be made in less time and with less labor and expense mr. Schneider. 
than is involved in the preparation of specimens for bending tests. 

Full-sized bending tests are prescribed in the specifications adopted 

by the American Railway Engineering and Maintenance of Way 
Association, and should, in my opinion, also be incorporated in 

the revised specifications of this Society. 

Tue Preswent.—It is well known, I think, that the method thePresident. 
of producing a fracture has an influence on the appearance of the 
fracture, after it is produced. A slow-moving test which results 
in fracture is generally more or less silky, while a break produced 
by a blow or a shock is generally granular. Is it possible that we 
may deceive ourselves by laying too much stress on the appearance 
of the fracture, and is it not necessary that we should have knowl- 
edge of how the fracture was produced, in order that we may draw 
any safe conclusions from the fracture? 

M. H. Wicxnorst.—I should like to say a word about the Mr. Wickhorst- 
character of the fracture. In making tests of boiler plate by the 
nick-bending test to note whether laminations are present, nicking 
the material slightly and bending it over may give a fibrous frac- 
ture; while nicking it deeply and breaking it off may BN a crystal- 
line fracture for the same test piece. 

Mr. SnNow.—I should like to refer again to the paper of Mr. Mr. Snow. 
Fremont. He showed that a very ductile steel can be broken off 
short by a blow after it has been nicked if the blow is of sufficient 
velocity. He showed a series of specimens cut from the same bar, 
some of which bent over without fracture and others which broke 
short off. I have called attention to that paper as much as possible, 
and I hope those interested in the matter will look over Mr. Fre- 
mont’s paper thoroughly after it is published. It will be found to 
throw light on several points that have been spoken of here. 


TENSILE IMPACT TESTS OF METALS. 
By W. Kenprick Hart. 


Intropuction.—In 1894 appeared Professor Merriman’s 
interesting account* of the state of knowledge concerning the 
capacity of metals to withstand suddenly applied loads. 

The author of the present paper was stimulated thereby to 
investigate the relative behavior of materials under impact and 
gradual loading. As the greater part of our present knowledge 
of the mechanical properties of materials is based on the results of 
tension tests under gradual loading, it seemed that the most direct 
comparison would result from tests in tensile impact. A vertical 
tensile impact testing machine was therefore constructed in 1897 
and, since that year, experiments have been carried on in the 
Laboratory for Testing Materials of Purdue University, with 
the aid of. a number of students whose patient and faithful 
services the writer here desires to acknowledge.t Other matters 
of a more or less practical interest have of late engaged the author’s 
attention to the exclusion of these experiments. He is, however, 
loath to abandon this field without recording part of the results 
of the investigation, which, while incomplete, are nevertheless 


* “The Resistance of Metals Under Impact’’—Mansfield Merriman, 
Proceedings American Association for the Advancement of Science, Vol. 
43, 1894. 

+ The experiments form the subject-matter of the following under- 
graduate theses: 

“Tests of Steel and Iron Rods Under Gradual and Impact Loading.” 
L. V. Ludy and F. Nulsen. 1808. 

‘“A Study of the Behavior of Metals Under Impact.’”’ J. T. Nichols, 
J. W. Raub and T.G. Knauss. 1899. 

“Effect of Temperature on the Resistance of Iron and Steel to 
Impact.’ W. E. Jewell and G.S. Eaton. 1900. 

“A Study of the Resistance of Iron and Steel Under Impact.” 
O. Klipsch and C. S. Johnson. t1go1. 

““A Study of the Shock-Resisting Properties of Steel Castings.”” J. S. 
Tatman and N. J. Wheeler. 1902. 
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fairly definite in their indications. The results are interesting 
and may prove of use as a basis of correct thinking in relation to 
a matter which must have aroused the curiosity of many engineers 
who are concerned with the use of the materials of construction, 
and who have wondered if the static or gradual tests, now so 
universally used, give evidence of properties which fit a metal to 
withstand impact conditions. 

The results described below lead to the conclusion that the 
ductility and shock-resisting capacity of metals of normal quality 
are not less under impact loading than those disclosed by the 
static test. If the tests had been continued to include materials 
that had proven defective in service, evidence would no doubt 
have been obtained to determine whether or not some form other 
than the static test is necessary to detect these defects. It should 
be noted that the speed of rupture of these tests corresponded 
to rupturing a tension bar that stretched 2 inches in one one- 
hundredth of a second, or 16.6 feet per second, a speed much 
below the critical speed of transmission of stress in steel, 7. e. 
17,600 feet per second. 

Recent work in Germany and France points to the conclusion 
that some form of impact test is found necessary to detect faults 
of structure that are not evidenced by the static test. It now 
appears that flexural impact test upon a nicked test bar is the 
best instrument for this purpose. The many mechanical difh- 
culties inherent in the tensile impact test should, in the writer’s 
view, prevent its use, especially in view of the fact that the 
flexural test is adequate to the purpose.* 

Derrnitions.—The term “rupture-work”’ is taken to mean 


the work done in deforming a body to rupture. The area between 


the ordinary stress-strain diagram and the axis of deformations is 
a measure of this rupture-work. The latter term has often been 


* For an account of the state of knowledge relating to impact tests 
and for a bibliography of literature, reference is made to the following: 

American Section, International Association for Testing Materials.— 
Bulletin No. 5, October, 1899. Report of Committee on Present State 
of Knowledge Concerning Impact Tests.—W. K. Hatt and Edgar Marburg. 

Bibliography on Impact Tests and’ Impact Testing Machines.—Pro- 
ceedings American Society for Testing Materials, Vol. II, page 283 W. 
K. Hatt and Edgar Marburg. 
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replaced by the term ‘“‘total resilience.’ Strictly speaking, the 
term “‘resilience” refers to the elastic energy stored up in a body 
at any stage of deformation. 

“Unit rupture-work” is the rupture-work per unit of volume. 
Thus if a bar of steel 4 inch in diameter and 8 inches long is 
ruptured in tension as the result of a blow of a 512-pound hammer 
falling from 5 feet, thereby bringing the hammer to rest, the total 
rupture-work will be 2560 foot-pounds, and the unit rupture-work 
will be 1630 foot-pounds per cubic inch of metal. 

MaAcHINES AND TeEstTs, TEMPORARY APPARATUS.—Two 
different machines, both vertical, have been used in these tests. 
For the tests on the specimens of steel wire 9 feet long (Nos. 1 
to 4 in Table 2) a temporary wooden machine was constructed 


S 


Fics. 1 and 4.—Diagrams of Temporary (Wooden) and Permanent (Iron) 
Machines for Testing Materials in Tensile Impact. 


as shown in principle in Fig. 1,* and in construction in Fig. 2. 
This apparatus for producing longitudinal impact in tension was 
modeled after an apparatus used at Cornell University by Mr. 
Charles W. Comstock in impact tests of steel wire rope during 
1898.t The principle therein employed, by which the hammer 


* Acknowledgment is made to the Engineering News Publishing 
Company for most of the cuts used in this paper. 
+ Trans. Cornell Soc. C. E., Vol. 6, 1898. 
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is hung on the specimen and impact is effected by sudden arrest- 
ment, during the fall, of an upper moving head, also fixed to the 
specimen, has been used in France in certain foundries. 

In Fig. 2 may be seen the arrangements for hanging the 


WAT 
er. 


ENG. NEWs. 


Fic. 2.—Temporary Tensile-Impact Testing-Machine; Sketch at Right. 
Shows Method of Fastening Hammer to Lower End of Test Specimen. 


hammer on a head which is fixed to the lower end of the test 
specimen by wedges. A similar head js fixed to the upper end of 
the test specimen. ‘The writer improved this form of apparatus. 
by supplying a rotating drum (D, Fig. 1), upon the surface of 
which a pencil, attached to the hammer, records a curve during 
the impact. The vertical ordinates to this curve, called a time- 
displacement curve, are the movements of the hammer; and the 
horizontal abscissae are proportional to the speed of the surface 
of the drum. The latter speed is known from the record of a 
vibrating tuning fork, held against the drum. The velocity of 
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the hammer may be computed from the drum record at any stage 
of descent. 

In operation, the system (Fig. 1), consisting of hammer, M, 
specimen B, and upper head C, is raised. Upon release, and 
subsequent descent, the upper head has impact upon a stop on 
bridge P, and the energy of the moving hammer thereby ruptures 
the test-specimen. The pencil attached to the hammer is auto- 
matically released before the impact occurs, and the above 
mentioned record is thereby written on the surface of the drum. 

The energy remaining in the hammer after the rupture of 
the test bar is computed from a measurement of the velocity of 
the hammer at the time of rupture. This latter velocity is ob- 
tained from the slope of a tangent in the velocity-displacement 
curve. 

Principle of Action.—As the discussion of the method of 
determining that part of the energy of the blow which is given up 
to the specimen will apply to the second machine described below, 
it is well to introduce the discussion here. 
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OO’= Zero datum line. 
AB = Free fall before rupture. 
BC = Curve during Impact Elongation. 
CE = Free fall after rupture. 
UU = Tangent to curve of free fall. 
h = Height of fall. 
h’ = Height from datum to point D, where tangent is drawn. 
Fic. 3.—Autographic Record and End-Tangent Method of Analysis. 
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Fig. 3 is a representation of the record on the drum, and is 
thus explained: 

With the upper head resting on the stop and the hammer 
hanging on the specimen, the pencil attached to the hammer is 
allowed to rest against the drum. The latter is rotated, and a 
datum line O O’ is thereby traced. Any subsequent movement 
of the pencil below this line represents an elongation of the test 
specimen together with any yielding of the parts of the apparatus. 

The system, consisting of hammer, specimen and upper head, 
is then hoisted and released. During the subsequent fall, the 
pencil attached to the hammer records on the revolving drum a 
parabola of free fall, A B. When the upper head has impact on 
the stop (P, Fig. 1) a retardation of the hammer is effected through 
the reaction of the test specimen. The curve B C is the record of 
the effect of the impact in retarding the hammer. The specimen 
is ruptured at the point C, and the record is then another parabola 
of free fall C E. 

T T” is the record of the stylus fixed to the vibrating tuning 
fork, which is held against the drum during the impact. 

The use of this drum record in computing the desired quan- 
tities depends upon the following considerations. Neglecting, for 
the present, losses of energy due to friction and yielding of the 
parts of the apparatus, let us suppose that the hammer falls from 
the point of release, a height, h + h’, to some point D taken on 
the parabola of free fall subsequent to rupture. (The point C 
might have been selected, but the selection of the point D offers 
more favorable conditions for graphical work.) The entire 
quantity of work represented by the product of the weight of the 
hammer G into the distance h + h’ is accounted for: 

(1) By the work expended upon the resistance of the test 
specimen during elongation; 

(2) By the energy remaining in the hammer at D, or, in the 
form of an equation, 

G (h + h’) = Work on test bar + $M V*,. 

M=Mass of G. 

V, = Velocity at D. 

The quantity 4 M V?, may be considered as replaced by the 
quantity Gh, where hy equal the velocity head at D. 

G (h + h’) = Work on test bar + Ghg 

Or, Work on test bar=G (h + h’—hy 


as: 
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TaB Le I.—ComPaRISON OF RUPTURE-WORK AS OBTAINED FROM: 1, LOAD 
ELONGATION DIAGRAM, AND 


(Tensile Impact Tests of Annealed Steel Wire.) 
Annealed Steel Wire. 


Diameter, 0.265 in. 


2, END-TANGENT METHOD. 


Area of Section, .055 sq. in. 


PEST A.. 
Gage length, 108 ins. Drop, 57 ins. Wt. of hammer, 845 lbs 
Rupture-work Rupture-work 
No. of piece. by diagram. by end tangent. 

Ft.-lbs. per cu. in. Ft.-lbs. per cu. in. 
I 685 683 
2 715 699 
3 521 443 
4 527 528 
5 - 453 
PACE TEL Ca teee tc ee Geta a8 612 561 

Gage length, 108 ins. Drop, 70 ins. Wt. of hammer, 845 lbs. 
6 5 ne 596 
7 655 626 
8 615 608 
9 610 626 
10 645 673 
INRKs RaVeice Ae enone hee Sie Ree 631 626 

ThSDLB: 

Gage length, 69 ins. Drop, 38 ins. Wt. of hammer, 845 lbs. 
I co Lee 
2 723 723 
3 613 623 
4 720 737 
5 59° 605 
PAVGRAvee. Lee seta son Slane 6605 633 


This sum, h + h’—h,, may be considered as the effective 
distance through which the hammer falls in rupturing the test bar. 

Evidently it is necessary to measure the velocity Vq in order 
to obtain the desired rupture-work of the test bar. 

This velocity is obtained by drawing a tangent U U at D and 
measuring the relation of the vertical to the horizontal projections 
VY and 1’, 7. ¢., the relation of the velocity of the hammer to the 
velocity of the drum. The latter velocity is obtained from the 
tuning fork record. The duration of the impact will be the distance 


” expressed in seconds. 
19 


7" — 
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Thus to take an example from the test records: 


Test No. 96. 

Observations: 

Tuning fork; 126 vibrations per second. 

7 vibrations in 7-5 inches of drum. 

Y = 2.05 inches; l” = 3 inches; h’ = 1.6 inches; h= 7 feet. 
Calculations: 

Velocity of drum = 11.25 feet per second. 

Jelocity of hammer at D=11.25 X 2.05 + 3= 7.78 feet 
per second. 

Velocity of head at D = 0.945 feet. 

Rupture-work = 515 (7-133-0-945) = 3,186 foot-pounds. 

The volume of the bar under test was 1.63 cubic inches; 

hence the unit rupture-work equals 3,186 + 1.63 = 1,950 
foot-pounds per cubic inch. 

This calculation neglects the friction of the guides, and other 
losses of energy due to the deformation of parts of the apparatus. 
As far as the friction of the guides during the greater part of the — 
drop is concerned, this may be eliminated by drawing a tangent ~ 
J J at B. Imall the tests made with the first temporary apparatus ~ 
the velocity head at B, computed from tangent J J’, was used 
instead of quantity h, thus eliminating the friction in the guides _ 
as far down as B. There were other losses of energy in this _ 
temporary machine, namely, : 

(a) At striking surfaces of upper head; 

(6) Deflection of bridge; 

(c) Slipping of wedges; 

(d@) Compression of heads of specimen; 

(e) Pile action of the whole sagem ek 

(7) General vibrations. 

(a) The striking faces were metal, and after a complete series 
of tests had been completed no noticeable damage had occurred at 
these surfaces. Therefore, there must have been little lost work 
im any one test. The elastic compression is, of course, small. 

(6) The total elongation of the specimen was generally 12 to 
14 inches, and the greatest observed downward movement of the © 
bridge was nearly $ inch. This would cause an error of between 
t and 2 per cent in rupture-work. 
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(c) and (d) The wedges were driven tight with a sledge- 
hammer before impact occurred, thus taking up in advance any 
compression of the heads of the specimen and preventing slipping 
of the wedges. 

(e) and (f) These cannot well be measured. The writer 
assumes that the energy represented by vibrations is small. 

In the case of the long rods, in which the elongation was as 
much as 14 inches, there was an opportunity to divide the curve 
B C into a number of parts. At each division point a tangent 
was drawn. The loss of velocity at the successive stages was 
computed from the observed change of slope of these tangents. 
Then the force necessary to account for the loss of velocity between 
the division points was computed by the principles of dynamics. 

Let P = Retarding force in pounds. 

p = Acceleration of hammer (negative). 
G = Weight of hammer. 


T = Total tensional force in specimen. 
Gp 


Gp 
G—T=—, or T= G— 
g & 
In this manner the tension in the specimen was computed at 


various stages of elongation, and thus a “‘load-elongation diagram” 
was constructed for the impact tests in tension. Some of these 
diagrams are shown in Fig. 15. The evaluation of these diagrams 
should yield the same amount of rupture-work as that obtained by 
the process outlined above, namely, the process in which the 
velocity head after rupture was computed, called the ‘End Tangent 
Method.” The accompanying Table I is a comparison of the 
unit rupture-work obtained by the two methods. 

The experiments performed on this temporary apparatus 
include the following: 

1. A series of comparative tests of long steel and iron rods 
under slow and impact loading—1898. 

2. A series of tests of steel wire of different lengths, and the 
determination of the effect of temperature on tests of wrought 
iron—1899. 

In these experiments the weight of the hammer varied from 
845 to 1230 pounds, and the greatest height of fall was 6 feet. 

In Table II the material under the reference numbers 1, 2, 
3, 4 and 11 was tested on this temporary apparatus. 

Permanent Machine-—The experiments performed on the 
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Drop Weight and Lower Yoke, 


Hardened 


Upper Yoke. 
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¥ 
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Hoisting . Head and 
Tripping Mechanism. 


Elevations 
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Plan, 
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temporary apparatus were successful enough to encourage the 
construction of a more permanent machine in metal (Fig. 5). 
This machine has been described elsewhere in detail,* and will in 
this place only be described in general. The permanent machine 
is similar to the temporary apparatus in principle (see a com- 
parison in Figs. 1 and 4). Better adjustment for short specimens 
is brought about by dispensing with the bridge (P in Fig. 1) and 
constructing the upper moving head so as to span the distance 
between uprights as shown. ‘This upper head or yoke is stopped 
directly by the lower sections of the columns. The details of 
attachment of the weight, recording apparatus, hoisting mechanism, 
etc., were of excellent workmanship. ‘The parts were designed 
to rupture, in one blow, a test specimen of soft steel 4 inch in 
diameter and 8 inches between heads. Ordinarily the blow 
delivered is about 3,500 foot-pounds. The machine rests on a 
brick foundation 5 feet by 5 feet by 6 feet deep, laid in natural 
cement on undisturbed gravel foundation. The upper four courses 
are of paving-brick in Portland cement. A #-inch bearing bed 
of 1 to 1 Portland cement mortar is disposed between the bed-plate 
and the pier. ‘The machine is also available for compression tests. 

An estimate was made of the energy lost in the various parts 
of the apparatus, thus: The parts of the apparatus that could be 
operated upon were loaded in a static testing machine and the 
consequent deformations observed. For example, the upper and 
lower yokes were placed in a statical testing machine with test bar 
and wedges attached and the deformation obtained under various 
central loads. From these observations the amount of energy 
ebsorbed by the upper or lower head at any given deflection could 
be computed. It only remained to observe the actual deflection 
which took place in these heads under the impact test to obtain a 
knowledge of the loss of energy corresponding to deflections of 
these heads in service. In this manner the main losses of energy 
could be estimated quite closely. The losses of energy at the 
striking surfaces cannot well be measured in any one test, but we 
may obtain some estimate of their amount by observing the 
cumulative effect at these striking surfaces after a long series of 
tests. The friction between the hammer and the guides can 


* Engineering News, January 3, 1901, or Nouveaux Appareils d’Essa 
—Congress International des Methodes d Essai, Paris, 1900, Vol. 1, p. 507, 
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easily be measured either by statical methods or by finding the 
loss of velocity at different stages of the descent. The value of 
the acceleration of gravity measured by dropping the hammer and 
determining its velocity ran from 31.7 to 32.0 feet per second. 

The author estimates the losses in this machine as follows, 
when tension bars of soft steel are tested: 

At the upper and lower head, due to the deflection of the 
yokes 7 to 11 foot-pounds. Friction of guides 8 foot-pounds. At 
wedges, o. For a total energy of blow 2,000 foot-pounds, the 
energy not chargeable to specimen is less than 1 per cent. 

It may be said, with reference to loss of work due to the slip- 
ping of the wedges or compression of the heads of the specimen, 
that, before testing a specimen, the top wedges were driven tight 
with a sledge-hammer and the bottom wedges pinched with a bar. 
Careful observations showed no slipping of the wedges due to the 
impact. What are the losses of energy due to permanent deform- 
ation at the striking surfaces of the upper head, and due to the 
vibration of the entire apparatus, etc., the writer cannot say. 
But since no permanent deformation seems to have resulted after 
some hundreds of tests, one must reason that the first of these 
is small. 

In conclusion, the author believes that the uncertainties of 
the measurement of the amount of energy taken up by the specimen 
are small compared with the ordinary differences of quality as 
displayed under static tests of adjoining specimens in any rod or 
plate of even normal quality. The results obtained on this 
machine may, in the author’s opinion, be relied upon for all prac- 
tical purposes. The author does not share the feeling of those who 
would disregard the use of impact tests because of the small losses 
of energy that cannot be accounted for. This machine also serves 
as a laboratory apparatus for instructional purposes. Not only is 
the student impressed with the phenomena of rupture, but the 
observations and calculations bring home to him the mechanical 
relations of work, energy, etc. 

In the experiments with this permanent machine, the weight 
of the hammer varied from 515 to 870 pounds, and the greatest 
height of fall was 6 feet. The work performed with the aid of 
this machine includes the following: 

Tests of nickel steel and soft carbon steel in tension under 


Hatr on TensiteE Impact Tests oF METALS. 295 


gradual and impact loading. Effect of speed of application of a 
given amount of energy. Effect of temperature on the resilience 
of soft and nickel steel—1goo. 

Tests of steel castings in tension and flexure. Tests of cast 
iron in flexure. Tests of concrete in flexure and compression— 
Igol. 

RESULTS. 
Comparison of Impact and Static Tests—One of the first 


matters of interest is the relative behavior of material under impact 
and slow loading. It is also important to know how far the 


The upper bar of each pair was broken by Gradual Loading. 
The lower bar of each pair was broken by Impact Loading. 
Fic. 6.—Test-Bars Broken Under Gradual and Impact Loading in 
Tension. 
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ordinary static test will yield information of the relative shock- 
resisting capacity of various materials. Table IJ is a tabulation 
of results of such comparative tests. 

It appears from the results given that in the case of normal 
soft material, in bars of circular cross section, of lengths from 
g feet to 8 inches, tested at ordinary temperatures, there is little 
difference in the total elongation and unit rupture-work whether 
the bar is ruptured in ten minutes or in from one to two one- 
hundredths of a second. The only marked point of difference in 
the static and impact tension test of soft materials of greater 
lengths is that under impact any lack of homogeneity of material 
is brought more into evidence. There is a tendency in non- 
homogeneous materials under impact to localization of the elonga- 
tion of a test bar at various points in the gage length, so that the 
latter consists of nodes of ductility. After rupture the bar may 
have a number of incipient necks. In many cases two distinct 
necks are formed, as is shown in Fig. 7. The effect may be 
noticed in static tension tests, but not, in the author’s experience, 
to the same degree as in impact tests. There is also a tendency, 
under impact, to localization of elongation near the wedges. 

A marked difference between the results of gradual and impact 


The four upper specimens show the phenomenon of multiple necking 


in ordinary impact tests. 
The four lower specimens were subjected to freezing along the center 
portion before and during fracture. 
Fic. 7.—Impact-Test Bars Showing Double Necking, and Effect of 
Freezing Center Portion. 
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tests may be noticed in case of short bars of steel castings and of 
tire-steel and coupons from boiler plate. There is a greater 
elongation and unit rupture-work under impact in the case of 
soft steel castings. But in the case of the harder steel, like tire- 
steel, the increase in unit rupture-work is disproportionate to the 
increase in elongation. ‘This is partly due to the fact that there 
is considerable metal between the gage marks and the wedges in 
these steel castings, whereas the unit rupture-work is computed on 
the basis of the volume within gage marks. It may be said that 
a larger amount of energy disappears in the parts of the machine 
in case of test pieces of harder metal. The latter increase is 
probably small. 

The tests cover a range from soft steel castings to hard tire- 
steel, and a range of gage length from 2 inches to 9g feet. All 
comparisons, however, made between static and impact tests of 
any one material are based on bars of the same gage length for 
the two kinds of tests, and represent tests in which the bars were 
broken in one blow except as where noted. 

Table II shows the quality of the material and the average, 
as well as the maximum and minimum values observed. The 
comparison of the two kinds of tests given by Table II is graphically 


TABLE Li —Sort STEEL Castincs, 2-INCH GAGE LENGTH. 


| Elongation. | Rupture-work. Contraction. 


Max. | Min. Fakes | Max. 


| 
Min. — Max. | Min. 
| 


| 
| | 
y, | | | | 
Gradual | 5 | 28.2 | 20.5 | 26.5 | 1,450 | 1,666] 1,342! 46.0 | 54 40 
Impact nes wullesess | 35.0°| 31.0 | 2,315 | 2,440 | 2,080 ) 44.2 | 40 40 
: | 
TaBLeE V.—Locomotive TiRE STEEL. 
| | 
Elongation, } Rupture-work, , 
| Per cent. | ft.lbspercu.in. | Kind 
Number tested. | : E : _ a of | Carbon. 
| test 
Max. | Min. | Aver. | Max. | Min | Aver | 
| | | | 
6 10.0 3.0 acl. .|..++../..-...| Gradual | Above 0.70. 
ji 23.0 3.0 5.90 | 3, 920 i. 904 | 2,403 | Impact | 
4 .| 28.0 | 13.0 | 19.20 |.. ; te | Gradual Above o.70. 
| 23.0 | 10.0 | 16.50 | 4, 170 | 2,200 00 | 3,272 Impact annealed. 
4 21.0 | 10.0 | 16.20 |. : . Gradual 0.60—o.69 
22.5 17.5 | 20.60 | 5,650 | t, 500 | i 000 | Impact not annealed 
| | | 


Note.—The Gradual results in Table V are taken from mill reports. 
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shown in Fig. 8, in which both axes are equal scales of the same 
kinds of quantity; if there were no effect of speed the plotted 
points would lie on the 45° line drawn on Fig. 8. Comparison of 
averages is plotted as a point, and also the comparison of the 
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Gradual Loading. 
Unit Rupture-Work in 100 ft. lb. Units. 


The upper diagram is for Elongation. The lower diagram is for 
Unit Rupture-Work. 


Fic. 8.—Comparative Elongation and Unit Rupture-Work, Gradual 
and Impact Loading in Tension. 


maximum values and the comparison of the minimum values. The 
elongation is always that obtained by measurements on the broken 
ends of the test bars. The rupture-work for the gradual tests was 
worked up from observations taken on specimens. In the case of 
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long rods and very short rods this was done by direct measure- 
ment, and in the case of specimens of 8-inch gage length the 
rupture-work was obtained by the use of the Henning Pocket 
Recorder. An exception must be made in the case of tire-steel. 

It has been said in a previous paragraph that the elongation 
is always that obtained by measurements on the segments of the 
broken test bars. The rupture-work is, of course, the total rup- 
ture-work up to the point of rupture. In the case of these long 
rods there was a noticeable difference between the elongation of 
the rods as shown on the drum record and the elongation as 
determined by laying the broken ends of the specimen together 
Taste VI.—VaRIATION OF ELONGATION AND RUPTURE-WORK WITH 

GAGE-LENGTH. 
Tensile Impact Tests. 


Machine Steel. Soft Steel. Annealed steel wire. 
Gage Elonga - Rupture- Elonga- | Rupture- Elonga- | Rupture- 
length. tion. work. tion. work. tion. work, 
3-in. 100 5 COLO MBI rcs N 4 cached fetenceh shy Goctacl foe Sioa Weve rarcuerce et aire 
4.5-in. 98 89 POM Hees: | cine A imstnbal fe: Geewai’s Se icyucr SA eos Meum fae 
5-in. 83 ED ila ot: on otot: haigul Gen een Daven ake ale pccReRo 
5.5-in. we) Love Blliacats Boe. Re en ie cay cl tee amet cans eter earl 
6-in. G2 fathant cael iaer ee tegeya|treretencer es | cadaa. pore cen ay pi catiogeke ee 
6.5-in. 104 (oe Gils sR ees chor ijenale| |b dat okeoa) ol eicea mes ercae hho QiGiMoe oc 
7-in. 89 GA WRT EARS Coax Me Neus Oeste oer DAN TRO ALO) nea nO aio Oo 
8-in. 84 MB inva cane) Sion Resta RSE ah oe CO AMIR ce |heuisline lsma osetia tae es Cer 
iigeenolin 4 (oueee Meee omvel (emcees hs GeO rane 71 (keke THIS teas PPNer eee Kee ouotenc ars 
ages olan BR eraey Seniesa bhet loess Covet [Rai vararna8 csi Pen. ORES ea 23 50 
14.5-in. 73 GOpE IE area's facta acme fa hatte Maate cert cegeatet aarovee: Gell cat ome vations 
AS =ATN ui || laeeicae a sect Ceemouene eene ss 64 I OMMar' (ster ofater aPetcxel| ercaeterey eee 
Lee Ee a tRa eee ieee Licoute co 70 COLA E Tc catelats olaince ays aS 
See le cier: aneahs calle eee oee tsk 57 6 Biba dil cee e talent oe Nese oon 
GET ey 9s oaits na eoHl pace hain eS 61 oye eee ccs abin nia cn c.c.c 
Rab sly Eats, CSC A emia Se rcrni ouPittn dicrotny [ap aorcneto tes 18.5 36 
PE OPATU IN, se ayes sorters eee rates Ie ges ae PROT: Pctah ones a 18.5 32 
POSE 1ler |e hens eccc) tail raiser ects wits eee tmistoeast all noone cat aa 15 25 


Results are based on the value of 3-inch gage length as roo. 


and measuring the increase of length between the gage marks. 
This difference is too great to be accounted for by the supposition 
that the increased elongation as shown on the drum is due to the 
yielding of the parts of the apparatus. The difference is no doubt 
due to the elastic stretch at rupture and subsequent recoil upon 
the breaking of the bar. For instance, in No. 2 annealed wire 
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(see No. 4, Table Il) the total elongation after rupture on broken 
test bar was, on the average, 5.46 inches, and the elongation shown 
on the drum just before rupture was 7-29 inches. This phenom 
enon was also noticed in the slow tension tests on the same material 
Twenty-eight impact tests of annealed wire show an average dif- 
ference between the elongation before and after rupture of 0.18 
inch per foot of length of bar- Six tension tests under gradual 
leadimg gave 2am average between these two measurements of 
dlongation of .055 inch per foot. The difference between the 
elongation before and after rupture is thus about 3} times as great 
in the case of impact tests as im the case under gradual loading. 
Im the case of harder steel wire this difference between the two 
clongations was 0.12 inch per foot, and was the same in gradual 
and impact tests. 

In the case of the tire-steel the rupture-work was computed 
from a knowledge of the results of static tests by substitution in a 
well known formula which gives the approximate rupture-work. 
This formula is as follows: é : 


e 
Rupture-work ———__(T’ + 2T”). 
Zao 


Where ¢ is the per cent of elongation at rupture, T’ is the elastic 

The rupture-work of steel castings under gradual loading 
was also computed by the application of this formula to the results 
of gradual test made some time before im the Laboratory by the 
writer, om bars of the same heat number. Im order to check the 
application of this formula to steel castings of 2-inch gage length 
and } inch im diameter, a special series of tests was made on 
this maternal The actual measurements during elongation were 


Information is given im Tables III, IV and V more in detail 
concerning the properties of steel castings and locomotive tire-steel 
under impact. Table HI shows 2 special comparison of five soft 


oe "= ae Su 
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annealed steel castings of a fine silky fiber under impact and 
gradual loading, when broken with one blow of a 580-pound 
hammer, falling through an effective distance of about 1.45 feet. 
Table IV gives the average properties of steel castings of different 
character as shown by the appearance of fracture. Table V gives 
detail information of the same kind with respect to locomotive 
tire-steel. 

The material in Table II is described as follows: The steel 
wire specimens were cut from one length of wire which was either 
annealed or not annealed as indicated. This wire was supplied 
by the Trenton Iron Company. The nickel-steel was sent from 
the Carnegie Steel Company and was from one heat and rolling. 
Analysis as follows: 


Per cent. 
SBEDOD hrs SPR oe wrcnage moths Sn chee 0.21 
POSS. Seeicrecr ee As, Ose eae Semen oR 0.013 
Mani so. 4 = race casa Ser BR RNa uk o.60 
Sulph Secs kt ee ae oie cae ce Ie aL 0.026 
Mickel Foils cw e cctek tina, = oe eR ans 


The soft steel was purchased on the market in the form of 
rods of 16 feet length. The boiler plate specimens were coupons 
from plates rolled for a single order to be used in locomotive 
boilers. Steel castings were machined coupons which were cast 
on the rims of locomotive driving-wheel centers, and were generally 
annealed. They were supplied by the Peru Steel Casting Com- 
pany, Peru, Ind., from heats selected by the writer on the basis 
of static tests. The locomotive tire-steel was sent from the mill 
of the Standard Steel Works. The static tests on the tire-steel 
were derived from the mill reports. The comparison quoted 
includes both annealed and unannealed bars. This comparison 
of tests on locomotive tire-steel is somewhat unsatisfactory in 
detail for the reason that some of the bars are annealed and some 
not annealed. The average, however, is significant. 


Tue Errect oF VARIOUS FACTORS ON THE RESULTS OF IMPACT 
TESTS. 


Gage Length—In static tests both elongation and rupture- 
work increase with diminished gage length. The effect of change 
of gage length upon the results of impact tests was investigated in 
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order that results might be reduced to a common basis when bars 
of varying gage length have been tested. Three different kinds 
of material were used. Series A consisted of a number of bars 
machined, varying in gage length from 24 inches to 144 inches. 
The specimens were all broken with one blow of a hammer weigh- 
ing 515 pounds. These specimens were machined from rods to a 
section % inch in diameter. 

Series B consisted of rough soft steel bars, 5-16 inch diameter, 
varying in gage length from 11 inches to 25 inches. Series C con- 
sisted of specimens of annealed steel wire varying in length from 
12 to 108 inches. The results are shown in Table VI. 

The contraction of area seemed not noticeably affected by the 
gage length, but it is very evident that the unit rupture-work and 
per cent of elongation increase as the gage length decreases. This 


TABLE IV.—STEEL CASTINGS OF VARIOUS KINDs. 


f 
| 


Character of fracture. | Kind of test. Elongation. Rupture-work,| Contraction. 
Notley Fic Melee Sater re Gradual 26.0 £5338: 5 39-9 
Impact | 30.0 |. 260." | 40.0 
Blakey so sake ches Sh. | Gradual | 21.6 981 | 355 
| Impact 19.0 goo 18.8 
Bine brighiti. rie’ s.a0 Gradual 17.4 Ast] 20.3 
Impact 22.6 beeayayonE a) 23:2 


effect is due (1) mainly to the work of deforming the bar at the 
neck, which work bears a greater proportion to the total work in 
the case of short gage length, and so increases the rupture-work 
per cubic inch; and (2) partly due to the fact that the work done 
in stretching the metal between the gage marks and the wedges is 
a greater proportion of the total. The increase in per cent of 
elongation and unit rupture-work may not be expected to increase 
indefinitely, because when the reduced section becomes a “nick” 
both of these diminish. There must be then a particular gage 
length for maximum value of these quantities. 

Number of Blows.—It was the intention in all the writer’s 
tests to produce rupture in one blow. Sometimes, however, 
unknown material came into the laboratory, the impact resistance 
of which was not known in advance, and the bar had to be broken 
sometimes by two, sometimes by three, blows. It seemed neces- 
sary, therefore, to determine the relative properties exhibited by 
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material when tested with one or two or three blows, as the case 
might be, applied a few minutes apart, in order that the result 
might be reduced to the standard of one blow. 

To determine these relations three series of bars were used. 
Series A consisted of five specimens of boiler plate (No. 7 in Table 
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Fic. 9.—Effect of Number of Blows on Elongation, Contraction. and 
Rupture-Work Under Tensile Impact. 


II). Series B consisted of specimens of rough bars of soft steel. 
Four specimens were broken with one blow, and one specimen 
broken with seven blows. Series C consisted of steel castings 2 
inches in gage length and 4 inch in diameter, broken with either 
one blow or a number of 6-inch blows. The results are as shown. 


‘ oar al sa) “ oo a. = y 
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in Table VII, and Fig. 9. The ductility and rupture-work 
increase with the number of blows in spite of the hardening effect 
of the first and succeeding blows. In a test of a steel rod under 
twelve blows from 1 foot height, the hardening was evident in 
its effect on the recoil or rebound of the hammer. The recoil of 


Taste VII.—SHowinc Comparative Errect oF Onze BLow AND A 
NUMBER oF Brows oN ELONGATION AND RupPTURE-WoORK 


Tensile Impact Tests. 


Boiler Plate. Soft Steel. | Soft Steel Castings. Hard steel castings. 
No. of Bicneen | pes Elonga- | Penta Elonga- ae Snel | Rupture- 
blows. work, | tion, work. tion, work, tion. | work. 
ed OS ig Po ee eee 
I 100 | 1x00 | roo | roo 100 roo 100 100 
2 fh etOG\ leche (Gee Sacunherton diweateate x [Sos |e 
3 ETOs Fo arose i Caeser ane Macs Sc Poem Po Sasa ieccx: 
hs a Mabe foot hese peas iarsoe bei Ke Sd eter 169 450 
Seah Meron (naar errata Veta 102 130°) | xs, Pare 
Se Perl Paes eet | ae CoP st renee Mates pas cert SS 
1 edn EN oy ecg eeures Veneta coe te lhaSarratce | sheers | ny. ots 3 We eeee 
BT migdparateiecty. doe spec eeey Meee ol ere aes Weseaicey <a eee 
| | | | 


Values quoted are on basis of roo for value at one blow. 


the hammer from the first blow was 0.3 inch; from the sixth, 0.5 
inch; from the tenth, 0.8 inch. The rupture-work quoted in the 
tables does not include the minor blows due to recoil following 
the parent blow. 


TasBLe VIII.—Errsct or Speed oF DELIVERY OF ENERGY. 
Series A—Annealed Steel Wire 0.26 Inch Diameter. 


| 


Num- | | Weight aes od Rupture-work, Elongation. 
No |Length.| ber of ham- | - |=eS Pope ee 

: tested mer, | ioe oe wicca 
| Ibs. | ins. | Max, . Min. | Aver. | Max. | Min. | Aver. 

reas | | | 

I 108 5 S45 s7. | 685] 443 | Goo 6.05 4.30 5.06 
a 108 5 | 845 7O | 673 5060 | 626 6.00 4.60 | 5§.7% 
3 108 5 1,230 | 36 | 680 407 587? 5.40 4.00 | 4.76 


Series BSott Steel, } ae Diameter x8 Tnches Long. 


8 | 5 515 60.5 1477 | 


: - | 

| 1,365 | 30.00 | 25.00 | 26.2 
| } 

| 

| 

| 


i) | 
a 


| 
5 | 3,237 s 
6 8 8 810 36.5 1,502 1,215 1,317 | 24,00 32.00 | 27.3 
7 Cadieiinne ee Ree esa Metal pe 24.9 


Velocity of Delivery ieifo a Given Amount of Energy.—It seemed 
necessary to determine if, within the ordinary limits of impact 
tests on the machine, the speed of delivery of a given amount of 
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energy had an important effect on the results. That is to say, 
are the results the same whether the energy is delivered through 
the medium of a heavy weight falling through a small distance or 


TasBLte IX.—VaRIATION OF ELONGATION AND RUPTURE-WORK WITH 
‘TEMPERATURE. 


Tensile Impact Tests. : 


Soft steel. Nickel steel. Norway iron. 
eae en sai eae Sekt} a2 
eg. F. | | 
| Elongation. | ea Elongation. Rania Elongation. Reais 
ec laee | =. 
—r100 | 33 41 65 SERS Mle teeelsoc ore cht icuaterete mieeare 
ol 73 RAS | 79 GOR iiieioeirdece celica elon 
32.1 > x00 Boe ey tl ert) Reno eee eee 26 48 
[Oe Oo Sooo 113 LOS» ally, ces Neisdshacctl sarc yore tates 
7O 100 b foXe) 1Q0 LOOM ae pareve cy Menai costa ohne ae 
LO | ae ae eae [caer thins 3 Wge Ceamis ce| nor me ee 100 100 
ara |} 104 100 100 82 165 138 
400 94 80 87 Gr Malle tiece sy cite Oectoata Berens 


Values quoted are on basis of 100 for value at 70° F. 


whether through the medium of a lighter weight falling through 
a greater distance? Of course in extreme limits there would be 
noticeable differences of effect. The writer’s experiments directed 
to this question are shown in Table VIII. The conclusion is that 
the results are not sensitive to the ordinary changes of velocity of 
application to be expected in any one impact machine. 

Temperature of Test Bar. =To determine the law controlling 
the variation of resistance in change of temperature under impact, 
the writer has used specimens of soft steel and nickel steel (Nos. 5 
and 6 in Table I1). The specimens were broken with one blow 
each. 

The method of producing the desired temperature in the test 
bar is as follows: To obtain a temperature of 32° F. the test bar, 
together with the wedges, was allowed to lie in cracked ice for 
30 minutes before test. The bar was then surrounded with an 
asbestos-wrapped tin cylinder 2 inches in diameter and g inches 
long, which held cracked ice, and then rapidly fixed in the machine. 
With the tin cylinder still on the bar, the system was hoisted, 
released, and impact then occurred. The time from the removal 
of the bar and the wedges from the cracked ice until the time of 
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impact is estimated at about 8 minutes. Of course during this 
period the guides and yokes of the apparatus were delivering heat 
to the wedges and test bar, and thereby producing a gradient of 
temperature between the center of the bar and the upper and 
lower ends. The effect of this gradient is to tend to bring about 
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Fic. ro.—Soft Steel, 4 inch Diameter by 8 inches Gage Length. 


rupture at the ends of the specimen rather than at the center. 
The temperature of o° F. was effected, in the same manner as 
above described, by a mixture of salt ahd ice. The temperature 
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of —100° F. (estimated) was secured by a freezing mixture of 
carbonic-acid snow and ether, kept in the form of a slush. In all 
cases the bars were packed in the mixture before test and the 
cylinder containing the freezing mixture was placed around the 
bar during the entire period of the test. The temperature of the 


Rupture Work in ftlbs. per cu.in. in 100ft.lb. Units. 


Elongation % 


Contraction % 


—100 0 100 200 500 400 
Temperature in Degrees F. 


Fic. 11.—Nickel Steel, }-inch Diameter by 8 inches Gage Length. 


test bar is assumed to be that of the mixture. The temperatures 
of 212° F. and 4oo° F. were secured by filling the tin cylinder with 
a fluid, heating the fluid by a gas flame while the specimen was in 
the machine ready to be dropped. Boiling water was used for 
212° F., and boiling linseed oil for 400° F. All the temperatures 
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were measured (except that of the slush of carbonic-acid snow 
and ether) just before the drop occurred while the bar was in the 
machine surrounded by the freezing mixture. 
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Fic. 12.—Norway Iron, } inch Diameter by 60 inches long. 

Fics. 10, rr and 12.—Effect of Temperature on Elongation, Contraction 
and Rupture-Work for Various Kinds of Steel, Under Tensile Impact. 
The results of this investigation are shown in Table IX and 

Figs. 10 to 13. 

It appears from these results that in the case of ordinary soft 
steel there is a diminution of elongation and unit rupture-work as 
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the temperature goes below 32° F. or above 212° F. In the case 
of nickel steel this diminution is apparent when the temperature 
goes below 32° or above 70°. The contraction seems not to be 
much affected by change of temperature. Even in case of the 


TABLE X.—EFFECT OF TEMPERATURE ON ELONGATION AT FRACTURED 
INCH. 


Tensile Impact Tests. 


Inches elongation of feted Inch, 


Temperature. a x 
Nickel steel. | No. of tests. Soft steel. No. of tests. 
(= Sop el Ge: aS Sa | ee ee a Se aS ae 
SOs: 0.40 | 8 0.46 | 7 
2 | ee 6 0.48 3 
Be } 0-49 | 8 i ech ee a 8 
ea | 0.53 | I 0.52 2 
400 | 0.54 / 2 | 0.45 | I 


bars cooled to —100° F. the fracture was so hot that the broken 
end of the bar felt uncomfortably hot to the touch. 

The diagrams, Figs. 10 to 12, show the averages of all speci- 
mens tested. These individual specimens were taken from a 
number of long rods about 1o feet in length. In order to obtain 
the comparison of results on test bars taken from the same long 
rod, each test bar was marked with a number indicating the long 
rod from which it came; and the determination of the effect of 
temperature was made for each individual long rod. ‘These indi- 
vidual comparisons more clearly show the same law that was 
obtained from the comparison of the averages of all test bars. In 
order to obtain a comparison in which the variation in quality of 
the long rods should be eliminated, Fig. 13 has been prepared. 
This figure shows the variation of mechanical properties with 
temperature. Here the results of all the tests at normal tempera- 
tures on various rods entering into the investigation are given a 
value of 100, and the corresponding rupture-work, elongation, etc., 
of the various test bars originating from the various rods are given 
values which show the relation of the results at the respective 
temperatures to the results at 70° F. That is to say, in long bar 
No. 1 the rupture-work at 70° F. was 1620, and the eke 
of test bar No. 3 from long rod No. 1 at 0° was 1240. 

A study of the distribution of the elongation in the ruptured 
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bars shows that the bars which were heated above atmospheric 
temperature have a tendency to break near the center, whereas 


is coo 
4 ) HH oN Soft'Steel 
194 T RQ iat 5 
aS 3] + Lp 3e Heal = t co 
a 1 | Nike, 
pit ip ueiaee HRSG 
+ oH BEEEED | a im i i Tr eam : 
=H HE etNotei tsa BSE : 
aes 
e Lt - figlire im Idicate-nulmber-o - tO. ! 
6 PHT tof! Oiipltpieceslaverased-ot eachina 
®t Fo : ite ttt ttre t 0: T 
c | 7 ‘ at afferent temrperatures ct Pore 
‘oO Cy iz H | oH Ee + LE H | i Cory 
2 Ht Nuntberstoninestindi¢ate-the +++ Ht : t 
o oT re HA imber ittie bets ! f 
— TT ime! 1 
7 eae a 100=1550-Fiti75 See ui 
ees aid dosreserezerezas EEEEEEEEE HEHEHE 
© ears : | | 
> ae TT i 
=A ! a Hot : Coot 
HS HH PtH HHH 
oT 1 rR Too bot T 
= tet + ac apanes <erg 6 H 
iting ae H 
- Het | -- i co i + 
© zt T 17 tt a Ty nna 2 i 1 
Aes BEBE +100 26.1%7Elon ation H st 
+ 
eHe HHH HHH : 
= t ry rr + tH ry 
oe au HEH 
J Be . CI im 
HE H a EEE EEE EE 
HS EEE Ht HH a 
Nn HH Z aE 
<3 Hen T HH HH L +H 
cH bUSPErGeronsetas BEECH 
S He fv + rt tal co 
ae is 
5 aesitecttecitostesstans 
rw 
= ? ] HEE CoE ee Et H 
aie eeeciser eee : i 
s ‘© 0: 3 d rH rt | 
< one 1005-64.1%-Golntraction Hy 7 
ry [J A chr t 
cor eigia lcci cise ; 
i ct 
rs) HOorrSh Hi at HH HAH 00 aunet 1200 00 400 


Temperature degrees Fahr. 


Fic. 13. 


bars broken at low temperature break near the ends. At —100° 
the elongation of the bars of soft steel was not more than 1 per cent 
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at any inch which was at least 2 inches from the point of fracture. 
In many cases the part of the bar near the center was not stretched 
to a measurable degree. The nickel steel showed a more uniform 
elongation. This, in the writer’s view, is due to the fact that 
under impact a bar tends to break at the warmer portions. To 
investigate this matter more thoroughly a few bars were purposely 


TaBLe XI.—Errect oF SHAPE AND SURFACE OF BOILER-PLATE ON ELONGATION AND 
RUPTURE-WORK. 

Original Bar: Sides as in Original Plate, Milled Edges, 8-Inch Gage Length, 1 x 0.5 inch 
Cross-Section. 


| Elongation, | Rupture-work in | | 
Mindiheationtok / ae Per cent. / ft.-lbs. percu.in.| No. age 
| | test- | of ° 
Sees | ed. | | | l lbl'ws.| test. 
| | Max.| Min. |Aver.| Max.) Min. |Aver.| 
= ee | 

} | | | 
Wripanal ic. | 19 29.0 | 23.7 | 25.7 11,370 1,047 |1,230|.....| Gradual. 
4 | 36.9 | 31.3 | 34.4 |2,035 |1,690|1,855| 2 | Impact. 
INTISE SI, Lisa, Melee uae hel eae pn cE aee ee en Steed eto Mee ICO ce A ROO [Le on, | Gradual. 
2 28.0 | 27.0 | 27.5 |2,701 |2,391 |2,591 2 | Impact. 
Nicked cross-section ....... | I ie cS San Sas te OO TS. > Gradual. 
2 0.12} 0.11} 0.11] 385] 374) 3790 I Impact. 
Poalishert-all tourviacesres Jo 2cfe-0) bane Se ahesias at rasre cL ee ee elt ator ol Gradual 
| 2 | 29.0 | 29.7 | 20.4 |2,312|/2,169|2,240] 2 | Impact. 
Rasned) Four faces. ke etlos.c2 <p 0 [Sow eteie's ain SE Mette cis <llc a cere] mae | Somacanls 
= 27.0 | 16.0 | 21.6 |2,226|1,106 |1,682{ 1-3 | Impact. 
Edges rounded to semi-circle . I Tab PATE Sigh Pees ee Oe Se Bi Gs ot ere | Gradual. 
, | 2 | 34.0 | 27.0 | 30.5 |2,052|2,019 |2,035 2 | Impact. 
imnedtvand spolshed dia. }to° lees. |b oe laren) eee eee ea tral 
0.56 in. Area =.245$sq.in.| 2 | 20.0 | 18.7 | 766! 8093| x | Impact. 
Milled and polished, sec. 0.35 | o Peganicl teeta (e ate Lis shel ie ebm lee eel aware ct RE ZeACAECS 
xo0.70. Area =.245sq.in| 3 25.0 | 23.5 | 24.1 |1,571 |1,491 |1,632 x | Impact. 
Milled to square cross-section:}: 6 fl) 2a). eet) ewe dle ess ofa wate] ew ca alloc e ce) Gradual: 
6163: 4N. On SiGe... 2.52 2 cel) 2 B10) 2728 |'2ova ee ae a) cera T5900 2 | Impact. 


given a gradient of temperature. Thus the center of the bar was 
surrounded with the freezing mixture and the ends of the bar were 
heated by a gas flame; the frozen portion of the bar retained its 
original diameter and was not stretched by the blow, whereas the 
warm ends were drawn down to necks. Two bars were frozen at 
the upper ends and the lower ends were exposed; these broke at 
the lower ends. The frozen portions had been able to transfer 
the strain energy quickly throughout their length to the warmer 
portions where this energy was absorbed in deforming the material.* 
Fig. 7 shows some of the test bars. 

This result might have been expected from a knowledge of a 


* However even in impact tests at normal temperatures there is a 
tendency to elongate and rupture near the ends of the bars, rather than 
at the center. 
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fact which has been determined experimentally, namely, that the 
effect of low temperature is to raise the elastic limit of metals. 
Now it is another well-known fact that when two materials are 
placed in conjunction, one of which is rigid and the other a cushion, 
that the more rigid material will quickly transfer the strain-energy 
to the cushion where it is absorbed. For instance, the function 
of the hardened face of an armor plate is to transfer the energy of 


TaBLE XII.—Comparison oF RuPTURE-WORK oF Srsst Castine, 2-INncs# 
Gace LenetH, as Oprarnep FROM Actuat Tsst anp CoMPUTED 


FROM FORMULA. 
HARD CASTINGS. 


Rupture-work in ft, Ibs. | | Percent of 
Number of heat. =| —— 2 Lab a eee Fracture. } —— 

Test. | Formula. gradual test. 
RRA (os< Ss Gs 79° | 834 Rough crystal 14.7 
CON Rope oe are 607 607 WES comcas | kg 
ROR. sis gett oka 992 CO Saree | Crystal ceca |} 44.5 
BROS CX enicen 1,092 | x,0g0 | Square dull .. 2. Ir.0 
geo | CY SE 1) fatale, 4 Sree atte + ¥4.8 
| 664 oo IP RSS eee eis } ¥§5,e 
ROMS chte ene | sas ON hT Se Pee, Se ase P  prack 
x) 


6s | GaGn Mce es Oc chix eee . 15 


AGWE Az ah tine Mees 1.488 | 2,390 | Fibrous ........ 32 
Ae Ws Weer ees Soe S60 | Granular ....... } 22 

| O57 PACS ale Ge. ere peace for cers 2I.7 
BOR RRS cantina cos } 775 074 | Rough fiber. .:..) 20 
Oy Bt seen eee 1,704 $770” PEIDIOUS WSs ce. 33 
MIO ocoe aan cs 1,344 T8709 tees ak 5 Ce ONS 28.5 
AGS noses hice oa 1,444 FSOS) VROMEY sonst 3EL5 
ROS ie torc sry Cees | 1,048 rego = | Crystal ......... 24 
RAS OR one Nie 963 963 Sey eMC ne 37 
MEQ S ES ass. coe | 2,344 TiS ONeill eo elt nett } 26<5 


back where it is absorbed without breaking the plate. The effect 
noticed in the author’s experiments may thus be explained by the 
assumption that the colder portions of the bar were transformed, 
in effect, to a metal of a higher elastic limit, which had the property _ 
of transferring the strain-energy to the warmer portions of the bar. 
This frozen portion, therefore, did not suffer any elongation. The 
total rupture-work was of course less than that obtained from a 
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bar which was entirely warm, for the reason that there was less. 
metal undergoing deformation. The energy has to be absorbed 
somewhere in the bar, and where the entire bar is Cold there is 
less capacity for absorbing shock up to rupture. However, a cold 
bar should withstand ordinary shocks of service within the elastic 
limit with a greater factor of safety since the effect of low tempera- 
ture is to raise the elastic limit. 

It must be recognized that the laws shown in Figs. 10 to 13 
should be modified by magnifying the variations there shown, for 
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the reason that the temperature of the test bars under the freezing 
mixtures was not uniform, but that the full weakness due to the 
temperature was somewhat reduced by the higher temperature of 
the ends of the bars. The exact reductions the author is unable 
to estimate. 

To meet the criticism that the decrease in elongation at low 
temperatures is mainly due to the fact that the bars did break at 
the end and not to the effect of low temperatures, the writer 
examined the relative elongation of bars broken at normal tem- 
peratures in the middle third of gage length, and at the ends- 
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Thus, the average per cent of elongation when broken at the center 
was 29.6; and when broken at the ends, 26.4 per cent. The 
elongation at —1o0° F. was 8 per cent. About one-half of the 
number of bars broken at 70° ruptured near end gage mark. 
Thus, the decrease in elongation in Fig. 13 is evidently too large to 
be accounted for by the location of the fracture. Table X gives 
the elongation at fractured inch of gage length as affected by tem- 
perature. 

Condition oj Surjace and Shape of Cross-Section—The author 
had planned a series of tests to determine the relative properties 
of bars, some of which were to be polished, others rough, others 
rasped, etc. Another series was to include bars of rectangular 
square and circular cross-section, all of the same area. It seems 
reasonable to suppose that the phenomenon of the flow of metals 
under high rates of distortion must be influenced very largely by 
the shape of the cross-section and the condition of the surface. 

The experiments were not completed, but a series of boiler- 
plate test bars was tested with the results shown in Table XI. 
The bars were selected from a large number of specimens so as to 
be as nearly as possible of the same quality as shown by the test 
reports from the mill. The results of these tests are not, in the 
author’s opinion, conclusive, but they show indications. For 
instance, polishing the bars did not cause any large increase in 
ductility over a bar with ordinary mill surface. When a bar, 
however, is taken rough from the first cut in the milling machine, 
the strength is less than a bar that has been given a finishing cut. 
The nicked bars, of course, had but very little strength. 

Views of shape of test bars are shown in Fig. 14. 


STAYBOLT IRON AND MACHINE FOR MAKING 
VIBRATORY TESTS. 


By H. V. WILLeE. 


Introduction—The question of staybolt maintenance is 
one of the most serious questions with which motive power officials 
have to contend, and all kinds of efforts have been made to over- 
come the difficulty. The high pressure and large boilers now 
universally used in American locomotives have greatly increased 
the difficulty experienced with the breakages of bolts and have 
given rise to many devices to prevent such failures. 

Causes of Staybolt Failures.—It 
may be well to explain to those who 
are not familiar with locomotive boiler 
construction that a staybolt is used to 
stay the flat surfaces of the boiler, as 
shown in Fig.1. The bolts are usually 
from { inch to 14 inches in diameter 
and are screwed into the two sheets 
and riveted over. 

The two principal difficulties ex- 
perienced are (1) Leakage, (2) Break- 
age; but as this article is to refer more 
particularly to the proper material and 
a rational method of testing than to 
the general subject of staybolts, the 
second difficulty will only be referred to. 

The breakages are caused by the 

Fic. 1. vibration resulting from the unequal 
expansion of the inside and outside sheets. This reason is well 
understood and led to the introduction of the flexible staybolt. 

Flexible Staybolis—The object of this device, shown in Fig. 2, 
is to provide for the vibration of the sheets. It usually consists of: 

1. A sleeve which is screwed into the outside sheet. 

2. A staybolt with a ball end to fit into a socket in the sleeve. 
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3. A cap to make the socket steam-tight. 

Devices of this kind have not proved altogether satisfactory 
for the reason that with incrusting waters it will be but a short 
time when the ball joint will become filled with scale and will 
thus become as 
rigid as the ordi- 
nary screwed 
stays. They are 
also expensive 
both to apply 
and to maintain, 
and usually give 
more trouble 
from leakage than the ordinary stay because the thread in the 
firebox side is apt to be stripped in driving, inasmuch as there 
is less support for holding on; and because of the tendency to 
drive them when in service without taking off the caps so as to 
enable the workman to hold on to the bolt. In short, the exper- 
ience of those using staybolts of this nature has not been such 
as to encourage the general adoption of any device of this kind. 

Dimensions of Bolts——Designers have been endeavoring to 
reduce the failures to a minimum by increasing the length of 
the bolts and by decreasing the diameters. A consideration of 
the causes leading to the breakage of bolts will show that there are 
several reasons why a { inch bolt should give a longer life than 
the 1 inch bolt, notwithstanding the fact that it has a smaller 
area. The firebox expands and contracts to an extent depending 
upon its size and the variations in temperature to which it is 
subjected. The staybolts are thus not loaded to a definite fiber 
stress (in which case the bolt of larger diameter would be the 
more serviceable), but they are deflected through a given angle, 
and the amount to which they are deflected cannot be altered 
by any increase in strength or in diameter. The angle through 
which the axis of the bolt is bent being independent of the 
diameter of the bolt, as indicated in Fig. 3. the outer fiber of 
the large bolts will be stretched to a greater amount than the 
outer fiber of the smaller bolts, and a crack will thus start sooner 
inthe x inch bolt than in the ¢ inch bolt. After the bolt 
starts to crack, it is very short-lived. It would appear that the 
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bolt with the smaller diameter will be in service a longer time before 
starting to crack than the bolt of larger diameter, but the time 
between the 
starting of the 
crack and the 
breakage of the 
bolt will be 


: greater for bolts. 
t é of the larger 
j ee diameter. This 
i time is but a small proportion of the total life of the bolt, and 
4 the bolt that remains in service the shortest time after a crack 
il is once started is the more desirable bolt, for after it is cracked 


the sooner it is removed, the better. 

A cable composed of a large number of strands will bend 
and twist a great number of times without breaking, although 
the tensile strength is very much less than the strength of a solid 
bar of the same diameter. The nearer we approach to this 
condition in boiler design, the less trouble we will experience. 
In line with this experience, boilers have been built with bolts 
of } inch diameter, but the bolts were spaced more closely than 
is usually the practice. 

The small bolts also have an advantage in heading, for the 
hard hammering necessary to head a bolt of large diameter or 
of hard iron is liable to strip the thread of the bolt. Bolts of 
smaller diameter will not require heavy hammering and will 
therefore probably give less trouble from leakage than is expe- 
rienced with bolts of larger diameter. Futhermore, the head of 
the bolt of smaller diameter would not be heated to as high a 
temperature as the bolt of larger diameter, because it is more 
readily cooled by the water. For this reason as well as because 
of its smaller diameter, it would not expand as much. The 
metal in the bolt expanding enlarges the hole in the sheet, putting 
a permanent set in it, causing the bolt to leak; and from what 
has been said, it is obvious that the effect of this is less, the smaller 
the diameter of the bolt. Another advantage in the use of the 
bolts of smaller diameter is that they can be replaced a greater 
number of times without unduly increasing the diameter of 
the bolts. This is an important structural advantage and in 
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the end would no doubt prove’ economical because the life of 
the firebox would be increased. The future will probably see 
the more general adoption of the ? inch bolt with closer spacing, 
but the present practice of using a { inch bolt is a happy medium 
between the most advanced and most conservative practice. 


Let £ = Fiber stress. 
E = Modulus of elasticity. 
I = Moment of inertia. 
d = Diameter. 
1 = Deflection 
L = Length. 
Wi=aloads 
From the usual formula for flexure we have :— 
We af I 
I. seal us 
i a substituting 1 in 2 
3 L2 
Sil 35 eee 
3E d 
4. f 2L? 


This shows that the extent to which the bolt is strained 
increases in direct proportion to the diameter and decreases. 
as the square of the distance between the sheets. Applying 
the formula in actual practice, assuming as a basis in our cal- 
culation a staybolt of 1 inch in diameter and deflection of tio 
inch and a distance between sheets of 6 inches, we find that the 
bolt is strained to a fiber stress of 35,000 pounds per square inch. 
If the diameter is reduced to }? inch the staybolt is strained to 
but 26,250; by decreasing the distance between the sheets to 5 
inches the bolts are strained to 50,400 for the 1 inch, and 37,700 


for the ? inch. These results show very clearly the cause of 


staybolt breakage and what should be done in order to reduce the 
trouble to a minimum, namely, make the water space as wide 
as possible and use a small bolt with a closer space if necessary. 

Specifications and Material—Some few railroads have re- 
cently specified a very high tensile strength for staybolt iron; and 
the question arises, is the tensile test a proper one upon which 
to rate staybolt iron? If a member is subjected to a direct ten- 
sional strain or a definite load in pounds, then a high tensile 
strength or elastic limit is desirable because it gives a high factor 
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of safety. If, however, a member is subjected to a definite 
deflection, then the stiffer the iron, the greater the load necessary 
to produce this deflection. In other words, a high tensile bolt 
is subjected to a higher fiber stress than a soft low tensile bolt. 
It is for this reason that steel gives excellent results in such parts, 
axles for instance, as are loaded to a definite fiber stress, but 
will not answer for staybolts which are bent through a given angle. 
The manner in which the iron 
is piled and rolled plays a far more 
important part upon the life of the 
bolt than the tensile strength; and 
after many experiments, those who 
have given the subject much thought 
have decided upon a fagoted bar 
piled iron. A diagram of this piling 
is shown in Fig. 4. The central 
core is composed of a number of bars, 
Fic. 4. approaching in appearance a bundle 
of wires. This core is enclosed by an outside sheath of metal with 
circular fibers. This ensures a good thread and prevents the bolt 
being strained in a direction at right angles to the fibers. 
¢ €A soft ductile iron piled in this way will undoubtedly give 
better results than a hard tensile iron piled in the usual slab 
form, shown in Fig. 5. Stay- 
bolt iron made in this man- 
ner may be strained by 
bending in a direction at 
right angles to the fibers and 
would then have a very short 
life. 
This matter has been 
thoroughly demonstrated by 
making vibratory tests of va- 
rious makes of staybolt iron, 
and the results obtained in the 
vibratory machine have been 
confirmed by practice. The Fic. 5. 
writer’s attention has recently been directed to a marked differ- 
ence in the life of staybolts on two groups of engines of 


WILLE ON THE TESTING OF STAYBOLT IRON. 321 


precisely the same design and in operation on the same division. 
Upon investigation it was found that a very high priced special 
brand of high tensile staybolt iron was used in the engines with 
which trouble was being experienced, while a good grade of 
well- piled soft and ductile iron was used in the engines which 
were giving good service. “ : 

For reference it may be well to give the tensile. requirements 
of specifications which the writer ee been able to gather: 


Roan, Tensile. Elongation. 
Atchison, Topeka and Sante Fe........ 48,000 28 per cent.—8” 
Bal tiniorecand Ohi yeas omensterors eter torn 48,000 25 ss —8" 
Whesapeakerand Obio.2.. 82 save 48,000 25 S —2" 
Burlington and Missouri River......... 48,000 30 ‘e —2" 
Chicago, Burlington and Quincy ....... 49,000 28 a —8” 
WeeioheValiey nc)". 4. amis af ae wens sie 50,000 30 4 — 4" 
RUISSO tite ACTIIC) «ioc one ety tose ie eR I seas 47,000 26 i —8" 
Mexican Central . 27 cain s giionanae ah 48,000 ee —8" 
New York Central and Hudson River. 48,000 28 a —8" 
Niomolk and: Western ...5.....) 0s. eee 48,000 25 iG — 8” 
Pegnsvavania Raiinoad'. omit se basaemere 48,000 25 ¢ —8"” 
Philadelphia and Reading. ........... 46,000 45 {' —2" 
eaboard Agr Mine 5b -os tn ane eeeeaeioe 48,000 25 i —8” 
Pottherndartlway scenic aol et te ee 52,000 28) hae —8’” 
Harriman Associated Lines............ 52,000 28 o —8" 


It will be seen from the above that it is almost the universal 
practice to specify a 48,000 tensile iron, it being generally realized 
that an iron is thus secured which is sufficiently strong, which 
will take a good head without an amount of hammering that 
is liable to strip the thread and which will successfully withstand 
the alternate bending it encounters in service. 

Vibratory Machine——No one will gainsay that a staybolt 
should be tested in a manner similar to which it is strained in 
service. Some years ago this matter was thoroughly agitated, 
and a large number of experiments were made with makeshift 
apparatus. The results varied widely, largely because of the 
different methods.of holding the bolt and because the bolts were 
vibrated in one plane. Very good results would be obtained if 
the bolt chanced to be vibrated in a plane parallel to the direc- 
tion of piling, while very poor results would follow vibrating such 
a bolt at right angles thereto. The matter has been taken up 

_with Mr. Tinius Olsen and he has designed the most complete 
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and satisfactory machine which has yet been proposed for stay- 
bolt testing. 

The purpose of the machine is to record the number of 
vibrations of a given amplitude which a test bar will withstand. 
It is especially adapted to the requirements of staybolt testing 
and will accommodate staybolts from 5 to 8 inches in*length. The 
upper end is held rigidly while the lower end is given a circular 
vibratory motion which can be adjusted from zero to a circle 
of ¢ inch in diameter. 

The following description shows the mechanism and oper- 
ations of the machine: 

The Power Mechanism—The machine is provided with 
two speeds obtained by shifting the belt on the cone pulley 4, 
Fig. 6. On the same shaft with the cone is a small spiral pinion 
B meshing with a large gear C which runs idle on the main 
shaft D when the machine is not in operation, and causes the 
shaft D to rotate when the clutch f is thrown in. 

If it is desired to have several machines of this character, 
they may be built upon one base, sitting close together as the 
upper parts extend only a little over 6 inches on each side of 
the center line. In this case one cone pulley will be sufficient 
for all the machines; and its shaft, extending through the longer 
base, will operate the large spiral gear C for each machine. The 
shaft D therefore is the main shaft for each unit as it furnishes 
the power and movements necessary for all the operations. 

The Loading Mechanism—The shaft D carries a small 
idle pinion E which is secured to the loose sleeve g. It is thrown 
into operation by the clutch Z and drives the gear F on 
the vertical shaft G. This shaft in turn carries a small pinion 
H at its upper end which drives the screw J by means of 
the gear J. When this screw revolves it forces the crosshead 
L down upon two shoulders on the vertical rods K K which are 
situated inside of the spring coils M M. This puts a com- 
pression in the rods K K. The lower crosshead N transfers 
this force from the two vertical rods onto the staybolt O, pro- 
ducing a tension in the bolt. The lower end of the staybolt is 
fastened in the crosshead N by a ball-and-socket joint, while 
the upper end is held rigidly by means of the head P which attaches 
to the frame of the machine. This head P is a large and rigid 
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casting which is fastened to the frame by the four bolts shown, 
and carries the entire scale apparatus. It can be adjusted verti- 
cally to accommodate different lengths of test pieces by loosening 
the six bolts and turning the adjusting screw . The shaft G 
is fitted to the pinion H by a loose key to allow of this adjust- 
ment, and the pinion is supported by a housing which extends 
over the face of the gear J. The staybolt is secured in the head 
P by a steel bushing j which is split in two parts and threaded 
to correspond to the staybolt. The lower ball joint and also 
the ball 7 are tapped out to correspond to the staybolt. 

The Weighing Mechanism.—When the screw J puts a com- 
pressive force in the two rods K K, its reaction is taken up by a 
tensile force acting through the clevis Q which communicates 


to the scale-beam R through the levers & andi and the rod m. — 


The Vibratory Mechanism—On the upper end of the main 
shaft D isa head S. This is fitted with an adjustable bearing 
which sets against the ball 7, screwed on the lower end of the 
staybolt. The adjustable bearing can be set eccentric with the head 
so that the staybolt will have a circular vibratory motion when the 
head S revolves. This eccentricity is obtained by setting up 
a wedge, back of the bearing » by means of the bolt ». The ball 
joint in the crosshead V and the one on the lower hub boss of the 
gear J furnish the necessary flexibility to take up these vibrations. 

The Counting Device—A _ revolution-counter is placed at 
U which registers the number of vibrations of the staybolt, being 
operated by a linkage attached to the pin V. If the staybolt 
breaks, the springs MM M force the vertical rods K K down. The 
lower ends of these rods thus come in contact with the lever W 
which communicates the motion to the clutch lever X by means 
of the link uw, thus disengaging the clutch which stops the shaft 
D and with it the revolution-counter. 

The Auiomatic Elecirical Mechanism—The spring at Y 
tends to keep the clutches at Z separated, thus allowing the loading 
mechanism to become inoperative. If the staybolt stretches, 
the scale-beam R will fall, causing electrical contact at a. This 
closes the circuit, causing the magnets at 6 to draw down the 
armature C, thus throwing the clutch Z into operation. This 
will start the loading mechanism, which will continue to run 
until the stretch of the staybolt is taken up and the scale-beam 
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rises to its highest or zero point and breaks the contact at a, 
thus allowing the clutch at Z to again disengage. 

The ratio between the movement at the staybolt and at the 
end of the pointer on the beam R is 1: 500. The arc g is 5 
inches long; therefore, if the staybolt stretches ++ of an inch 
the beam will fall from the top to the bottom of the arc. Then 
the adjustment will take place and the beam rise again. When 
it reaches the top, the small pointer r engages a tooth of the 
recording disc e, moving it one notch. Thus the divisions on 
the disc e represent the stretch of the staybolt in hundredths 
of an inch. The arc gq is divided into ten parts. Each divi- 
sion, therefore, represents is‘0 of an inch stretch of the staybolt. 
By observing the stretch as shown on this scale and the corre- 
sponding vibrations as given by the counter, the number of 
vibrations required to produce a stretch of ta'yo of an inch in 
the staybolt may be obtained. 

The amount of load which shall be kept on the staybolt 
is predetermined by the number of weights at d. The load 
is first applied by the hand wheel which is fast on the sleeve ¢- 

Standard Vibratory Tests—It is very important to stand- 
ardize the various requirements. It is the present practice to 
thread the bolts the entire length in the ordinary staybolt dies. 
This would seem to be undesirable, as there may be some variation 
in diameter and the results would be affected by the condition 
of the die. It would seem desirable: 

a. To notch the test piece with a single V-shaped groove 
of a standard staybolt thread to a diameter corre- 
sponding to the diameter at the base of the thread. 

b. To specify the speed of the machine, 7. e., the number 
of vibrations per minute. 

c. To specify the length of the bolt between clamps. 

d. The tensile load upon the bolt. This load should be 
so applied that it will not fall off when the bolt stretches. 

With these conditions specified it is probable that results 
on one machine can be duplicated upon another of different 
make. ‘This has hitherto been the chief obstacle in the way of the 
adoption of a vibratory test for staybolts, and the excellent design 


of the Olsen machine would seem to effectually overcome the 
difficulty. 


BENDING MOMENTS IN RAILS. 
By Po H. Duprey. 


The wheel effects of the passing locomotives are resolved into 
negative and positive bending moments by the section of the rail 
when depressed from its unloaded position in the “‘trackman’s 
surface ’’ to its loaded condition of the running surface in the 
“General Depression.” From a continuous beam resting on 
numerous cross-ties as flexible supports in the ballast, and the 
latter upon a compressible subgrade, the rail section by the pro- 
gressive loading of the passing locomotive is converted into a 
“constrained beam,” strengthened and stiffened to carry and 
distribute the driving wheel loads and the expended tractive effort. 

The cross-ties as flexible supports, depressing more directly 
under the wheels than in the wheel spacing, do not control the span 
of the bending rail, as generally supposed. 

The wheel spacing and the wheel loads, loading the rails at 
intervals of two or three cross-ties, become the more important 
factors in fixing the span of the bending rails, per wheel, causing 
the negative and positive bending moments of the wheel effects in 
the “General Depression.” When the rail section is well spliced 
and stiff it may be, by parts of the load of the locomotive, strength- 
ened and stiffened for carrying and distributing the driving wheel 
loads and expended tractive effort. 

This favorable action of the rail section as a beam loaded in the 
“General Depression,” unique in Mechanics, is in part due to the 
flexible supports upon which it is depressed by the several wheels 
of the subdivided total load, each wheel load causing conjoint 
strains in the metal of the section, which assists to check deflections 
under adjacent wheels. ‘The foundation is also favorably loaded 
and restricted in its movements. 

A single pair of wheels in a long wheel spacing, independent 
of the conjoint action of other wheels on the rail, has a limited 
“General Depression,”’ confined to one specific deflection under the 
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wheel. The looseness of the track not being reduced by preceding 
wheels, the positive bending moment is constrained only by the 
superstructure, instead of adjacent wheel loads. 

The above brief statements are for the purpose only to call 
attention to one or two relations of the many problems of the rail 
section as a girder, in carrying and distributing the load of passing 
locomotives to the foundation or subgrade, as indicated by the 
bending moments. 

For the Sixth Annual Meeting the author presented Strem- 
matograph tests of the unit fiber strains in rails in detail, under 
Locomotive No. 870, drawing the Empire State Express, on the 
New York Central & Hudson River Railroad. On the same dates 
and location, similar tests were made under all “‘out-bound” trains, 
until 2 p. m. of each day. Two types of engines, an 8-wheel and 
a to-wheel, were drawing through passenger trains. The tests 
furnished the means of comparing the sums of their relative nega- 
tive and positive bending moments in the same rail, and other parts 
of the superstructure, as determined from the recorded and 
measured unit fiber strains of the passing wheel effects. 

The bending moments of Tests Nos. 257 and 271, of Loco- 
motive No. 870, are given in the aggregate, as the unit fiber strains 
were previously published. The bending moments from the unit 
fiber strains of Test No. 269, the 1o-wheel engine drawing the 
Southwestern Limited, are presented in detail for the unit fiber 
strains per wheel, which will be sufficient to illustrate the 
general method of ascertaining the results. In Tests Nos. 257 and 
271 the total static load of the locomotive was 220,000 pounds, 
drawing a train of four cars, total weight of 430,000 pounds. In 
Test No. 269, the total static load of the locomotive was 282,900 


‘pounds, drawing a train of nine cars weighing g10,coo pounds— 


over twice as heavy, yet with its closer wheel spacing of the engine, 
the inch-pounds of the positive bending moments were less per 
pound of static load, and were constrained by more efficient 
bending moments. In other words, the foundation or subgrade 
was more favorably loaded by the 10-wheel type of engine. 

These tests confirm the American theory and practice of the 
importance of distributing the wheel loads by well-designed wheel 
bases in the locomotives. 

The average inch-pounds per pound of static load for one rail 
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of Engine No. 870, on December 23 and 30, was 12.40 inch-pounds. 
For the 10-wheel engine it was 10.80 inch-pounds—quite a per- 
centage in favor of the larger engine, due to the closer wheel 
spacing for the weight of the rail. The total positive bending 
moments for locomotive No. 870 on the two dates are nearly 
alike, being 11.46 and 11.50 inch-pounds per pound of static load. 
For the 1o-wheel engine, Test No. 269, the positive bending 
moment for the wheels in good condition was 9.82 inch-pounds per 
pound of static load. Under the Consolidation type of locomotives 
drawing freight trains, even more favorable comparisons are 
obtained. With the 12-wheel type of freight engines the results 
are still more favorable as to the distributed load through the 
rail section,. in loading the foundation. 

_ The details of the tests show the negative bending moments 
occur in the wheel spacing, and constrain the positive bending 
moments which are nearly or directly under the wheels. 

At the points of flexure in the rail section shearing strains in 
the web connect the negative and positive bending moments 
between and under the wheels, making the action of the metal of 
the rail section continuous in the ‘‘ General Depression” for the 
entire wheel base of the locomotive, and under the first truck of 
the passenger coaches. 

In the freight service, with the 60,000, 80,000 or 100,000 pounds 
capacity cars, with an inside wheel spacing of 18 to 20 feet only, the 
“General Depression”’ is continuous for the entire train length. 

The magnitude of the constraining negative bending moments 
in the wheel spacing for a given unit fiber strain, under the positive 
moments, depends upon the stiffness of the rail section and loose- 
ness of the track, the latter being one of the variables in the perma- 
nent way. A closer comparison is more easily made between the 
unit fiber strains of the negative than of the positive bending 
moments. 

In 4$-inch 65-pound rails, under Switching Engine No. 1, 
Grand Central Station, New York, having 125,000 pounds upon 
three pairs of drivers, the unit fiber strains for the negative moments 
ranged from 1,800 to 2,500 pounds for the unit fiber strains of 
30,000 to 45,000 pounds under the wheels. On the 6-inch 
too-pound rails, for similar unit fiber strains for the negative 
moments the positive bending moments only had unit fiber strains 
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varying from 6,000 to 8,coc pounds, the ratio of constraint being 
many times greater. 

Limber rails have large unit fiber strains, but carry only small 
negative bending moments, and are also limited in the positive 
bending moments which they can sustain without exceeding the 
elastic limits of the metal. As the stiffness of the rail increases, 
with the same unit fiber strains, larger bending moments are 
carried by the rails in distributing the wheel loads to the cross-ties, 
ballast, and the subgrade. 

While it is easy by the construction of the wheel base of the 
locomotive to distribute a large total load on a stiff rail, the intensity 
of the pressure between the wheel contacts and the head of the rail 
is increased by the heavy axle loads. The metal in our present 
rails under the rolling wheel contacts has much more work to do 
than was the case with the lighter wheel loads and more limber 
rail sections. 

The same physical properties which sustained the light wheel 
loads for a large tonnage, show a greater rate of wear under the 
present wheel loads. 

The increased work of the stiffer rails and doubled wheel loads,. 
with larger expended tractive power of the engines, should receive 
the attention and consideration it deserves, for our present service- 

Test No. 257.—R.C. Reduction of sum of positive and 
negative bending moments to one pound of static load, for one rail: 


Engine, Sum of positive bending moments, 821,245.00 in.-lbs. 
tf ‘““_P. B. M. per pound of static load, 1210 eee: 
ss “negative bending moments, espe s ACO. ls 
s “_N.B. M. per pound of static load, 1.020 

Tender, “positive bending moments, 438,911.00 “ 
i “ P. B. M. per pound of static load, O75 oe 
of “negative bending moments, 63027010088 
+ ““_N. B.M. per pound of static load, gaye) Be 

Locomotive, “positive bending moments, I,260,150.00 ~~ 

es “ P. B. M. per pound of static load, TAO. ye 
“negative bending moments, TS9; 573-008 

2 «wheel effects, 1,448,669.00 “ 

* “ _N.B.M. per pound of static load, ey nee 

First Car, “positive bending moments, 003,570,008 
a “P. B. M. per pound of static load, L202 Gene 

ie ““ negative bending moments, LAL ES7.001) 

ee ““_N.B. M. per pound of static load, 2.06) =. 

o ‘“« wheel effects, 804,763.00 “ 


Weight of one-half of car, 53,000 pounds. 


rl i 
i 3 i 
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The negative bending moments in the wheel spacing constrain 
and check the positive bending moments under the wheels, a 
decided advantage. 

Test No. 271.—R.C. Reduction of the sum of positive and 
negative bending moments to one pound of static load, for one rail: 


Engine, Sum of positive bending moments, 788,948.00 in.-lbs. 
ss “ P. B. M. per pound of static load, 1250S Saas 
be “negative bending moments, 12% 70 OO mma 
NS ““_N.B.M. per pound of static load, eee 

“Tender, “positive bending moments, 479,276.00 “ 
ut ‘“ P. B. M. per pound of static load, TO/SO0" ae 
4 “negative bending moments, 67,304.00 “ 
uf ‘« _N.B.M. per pound of static load, L40eees 

Locomotive, “positive bending moments, 1,268,224.00 ‘“ 

es “_P. B. M. per pound of static load, ne efop 
oe “negative bending moments, 188,474.00 ‘“* 
i ““_N.B.M. per pound of static load, Tt 5 ae 
ce “wheel effects, 1,456,698.00 “ 

First Car, “positive bending moments, 710,868.00 ‘“ 

i ““P. B. M. per pound of static load, 13:3 00a 
a ‘negative bending moments, 95,587.00 ‘“* 
s ‘““_N.B.M. per pound of static load, Besfay | 

Wheel effects, 806,455.00 “ 


Weight of half of car, 53,000 pounds. 

The average of the positive and negative moments for the 
locomotive are less than for the engine of the 8-wheel type, as a 
rule, for about the same speed as the tests. The effect of the load 
upon the forward truck decreases slightly as the speed increases, 
while that upon the driving wheels is augmented, particularly the 
positive moments. 

In comparing the details of tests Nos. 257 and 271 by the sum 
of the positive or negative bending moments per pound of static 
load, either under the engine or tender, slight differences are to be 
expected, for neither the engine nor tender can distribute its load 
through the wheel contacts independently one from the other. The 
equalizing of their loads on the rails in the track occurs conjointly 
as the total load of the locomotive, at least before irregular dynamic 
forces are generated, by one or more pairs of wheels. See Test 
No. 269. 

Dynamic forces will be generated by all the wheels as the 
speed is augmented, the law of the increase being unknown. 

To compare the tests critically, the total sum of the wheel 
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New York CENTRAL AND HUDSON RIVER RAILROAD 


P. H. Dudley’s Stremmatograph Tests December 23, 1899. 


No. 269. Track No. O. Location, 6° curve 600 feet west of Mile Post No. ro. : 
Rail 5¢ inch, 80 lbs. Moment of Inertia 28.4 equivalent 4th Power inches. | 
Cross-ties. Length 8’. Width 9’. Thickness 6”. Wood Y. P. Weight 155 lbs. 


No. 18 per 30 feet rail. Average weight of superstructure per yard 449 lbs. | 


LOCOMOTIVE 


Tender 


Enginé 


First Car 


bas 1 Rely Drivers Truck 


Front Truck 


Rear Truck 


Three-tie supported joints, 36 inch splice bars, Stone ballast. © 
Train No. rr. No. of cars 1o. Weight 910,000 lbs. 
Locomotive No. 2032. Weight 282,900 lbs. Speed 40 miles per hour. Temperature 40°F. 
Remarks, Engine Class F, 3 A. 
The apparent mean extreme unit fiber stresses in the base of one rail were as follows in pounds: 
— —_f- 
| | 
Per lb. of 
Per wheel base of wheel Wheel effects. 
| base of 
L | —— 
First C. W. down over Stremmatograph. Per | 7 tp : 
Second C. W. nearly up over Stremmatograph. ae Drivers Drivers Positive Negative 
Third C. W. last quarter down. 2 and and bending bending 
trucks of | Engine Locomo- | trucks of | moments | moments 
engine, and tive and engine, under between 
tender tender. cars. tender wheels wheels 
and cars. } and cars. | inch-lbs. inch-lbs. 
| 
Extra wave preceding truck wheel. j 
Compression in front of truck wheel ................... 1,417 16,154 
© Tension under front truck wheel .............0see0000e 12,519 142,717 
{ Compression between front and rear truck wheel........ 236 > 19,487 0.962 2,690 
© Tension under rear truck wheel . ae Ae oe 3,071 35,009 
Compression between truck eet ced aoe een Meceery, 3 4,487 enon 51,152 
igo) Tension tinder front dat yer nay. Wien atiete annie aise aye iain sil 25,744 Did 293,482 
| Compression between front and main drivers ........... 3,779 ; 43,081 
< 9° Tension under main driver ...... Peed tm 21,022 76,762 | 1.193 230,051 
| Compression between main and rear aves srahemesuats raheaererk 4,487 51,152 
O'Tension winder rear Griver . avai emia’ lets ubenia oi scm stersiena I7,715 Hones 201,951 
Compression between rear driver and front tender wheel . 3,543 ) | [ F 40,3990 
© Tension under front tender wheel. Arar O 11,574 131,944 
{ Compression between tender wcieein Eoee hie 3.071 Sysce | 1.065 35,009 
° Tension under rear tender wheel, front truck ... 12,519 | J ] j 142,717 
Compression between front and rear tender trucks. . 709 | a Aa 8,083 
° Tension under front tender wheel rear truck (shocks) .... 23,620 } | 269,268 
{ Compression between wheels of rear tender truck........ 236 | i 1.580 2,690 
© Tension under rear tender wheel (shocks) .............. 17,715 CD) 201,951 
Compression between tender wheel and first car wheel .. . 3,307 37,700 
° Tension under front wheel of first car .... Sans Nees o 8,503 ] 96,934 
Compression between first and middle wheel ............. 236 2,690 
° Tension under middle wheel . ase eiae 8,976 ; 460 102,326 
Compression between middle cal rear weed: 2,362 30,469 Bele yan 26,926 
© Tension under rear WHEE! cvs)" eSes win Mare sen oly osm peloton Bl ; 83,470 
Compression back of WHEEM is .-1.mstavey ese = Ais eligi eins 18 1,417 | 16,154 
Compression in center of wheel space ......-.........5- ° 85,386 ° 
Compression in front of wheel of rear truck............. 1,653 } 18,844 
© Tension under front wheel of rear truck ............----| 10,393 118,480 
[ Compression between front and middle wheels .......... 709 8,083 
4 © Tension under middle wheel (shocks) ......... evista cn eft ? 22,0284 54,017 bia pee J mi ataiee siete 261,185 
L Compression between middle and rear wheel............, ° 709 8,083 
o Tension under rear wheel (shocks)............ nde dine 17,006 ly ! 193,868 
Compression between trucks of first and second cars .....| 3,071 J 5.009 
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effects of either the locomotive or car must be used; for example, 
the sum for the locomotive in Test No. 257 was 1,448,669 inch- 
pounds, and in Test No. 271 it was 1,456,698 inch-pounds, a 
difference of 8,c29 inch-pounds, which checks closely for the 
difference of the unit fiber strains between the tests. 

Test No. 269.—R. C. Reduction of sum of positive and nega- 
tive bending moments to one pound of static load, for one rail: ~ 


Engine, Sum of positive bending moments, 912,810.00 in.-lbs. 

+ “ P. B. M. per pound of static load, LOLGON en 
. “negative bending moments, 184,424.00 ‘ 
. ““_N.B.M. per pound of static load, ee nSt lye 
Tender, “positive bending moments, 745, O03.06)-) 
ua “P. B. M. per pound of static load, ieeohsh | 

Md ““ P. B. M. per pound of static load 
for normal wheels, Sa 6n ae 
eo “negative bending moments, 84) 82700 iin 
Hd “« _N.B. M. per pound of static load, EAC hans 
Locomotive, ‘‘ positive bending moments, 1,658,723.00 “ 
Ks *«  P. B. M. per pound of static load, SOIR Rate ee 

SS ““ P. B. M. per pound of static load 
for normal tender wheels, O82) 5) 
#8 “negative bending moments, 260,251.00 “ 
af “* _N.B.M. per pound of static load, TOON why 
7 ‘“« wheel effects, T,027,074.00) 
First Car, “positive bending moments, 856,263.00 
“3 ““ P. B. M. per pound of static load, TANSOn 
os “negative bending moments, PEIMEE OO 4 
< “« _N.B.M. per pound of static load, 2:02) ao 
Wheel effects, 07/3, 3055000Na: 


Weight of one-half of car, 58,000 pounds. 


The positive bending moments under the tender were increased 
by a minute roughness on the rear tender wheels, and the N. B. M. 
decreased. I have recorded what the results were, as that is an 
incident of practice, and also shown the results for normal wheels, 
but I have not introduced a correction for the negative bending 
moments. Two wheels were rough in rear truck of car. 


THE DESIRABILITY OF UNIFORM SPEED IN COM- 
MERCIAL TESTING. 


By PauL KREUZPOINTNER. 


During the past decade or more, particularly since the forma- 
tion of the International Association for Testing Materials, and the 
American Society for Testing Materials, concerted action has 
become manifest, on the part of scientific and practical men, to 
put the knowledge of the properties and qualities of materials of 
construction, upon a comprehensive workable basis, and by com- 
bined efforts, give us a still better insight into the complex phenom- 
ena which daily confront the engineer and manufacturer in his 
business transactions. 

However, while great strides have been made in our technical 
colleges, and by engineers generally, to perfect the methods and 
facilities for scientific investigation, and while the methods and 
facilities for the commercial testing of construction have likewise 
undergone considerable improvement during past years, there is 
still room for further perfection, and the perfection of methods in 
this respect is the more necessary, since the results of all scientific 
investigations are of little value, unless they can be made prac- 
tically useful for the benefit of mankind. 

In dealing with the commercial application and uses of large 
quantities of materials of construction, there is neither time nor 
often opportunity to ascertain the properties of the materials we 
are dealing with, and all we can do is to determine as nearly as 
possible the qualities desired by the engineer for a given purpose. 
In doing so, however, it is essential that the means and methods 
used to ascertain the qualities of materials, conform to the nature 
of the properties of the materials to be thus tested. If, for instance, 
the engineer decides upon a given degree of ductility as a safe factor 
for his structure, and we attempt to determine this degree of duc- 
tility by means of the usual methods and facilities for testing, it is 
not, and ought not to be, a matter of indifference whether, in 


_— 
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testing metals for instance, we give due consideration to the prop- 
erty of metals to flow under stress, and that it is the greater or 
less degree, or freedom, to flow, which determines the degree of 
ductility, which the engineer desires to ascertain. 

Thus, since ductility is a function of that property of metals 
which we call plasticity, or its ability to flow, if, therefore, our 
method or methods of testing do not take into consideration this 
property of metals to flow under stress, then we impair, disturb or 
change the rate of flow, and consequently, our record of the degree 
of ductility obtained and expressed in per cent, is defective to that 
degree, as we have ignored the manifestations of the plastic proper- 
ties of the metal we tested by our method or mechanical appliances. 

In such a case we have recorded the mechanical efficiency of 
our appliances, but not the actual useful qualities of the metal the 
engineer is going to use. Hence, other things being equal, it is 
not so much the elaborateness and refinement of the appliances 
used in commercial testing which determines the reliability of a 
test, but it is the proper recognition, in connection with suitable 
appliances, of the properties of the materials and how their pecu- 
liarities may affect the qualities to be determined, while under test. 

Speed of testing, the manner of preparing test pieces, and their 
shape, having considerable influence in the determination of 
reliable results, it is obvious that the greater the variations of these 
factors in the different laboratories with different materials, the 
greater the unreliability of general results and the less representa- 
tive the qualities represented by the tests, are of the material tested. 
It may not be much in many cases, but it is a disturbing factor of 
unknown quantity. 

This brings us to the point of the desirability of uniform speed 


’ of testing metals of construction. While we have now an approxi- 


mately uniform test section, the next step for this Society to take 
would seem to be an endeavor to bring about a uniform rate of 
speed of commercial testing among producers and consumers, for 
the various structural materials used in engineering practice. To 
have steel tested at the rate of six minutes at one place, and the 
same steel at two or three minutes at another place, is neither 
scientific nor businesslike, although it may conform to our notion 
of personal liberty and independence. Most of the controversies 
which arose about the validity of rejections, during the more than 
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twenty-two years of my service in the Test Department of the Penn- 
sylvania Railroad, were due to this question of speed in testing. 

Being convinced that this question of the desirability of a 
uniform speed of testing deserves the attention of this Society, I 
would suggest the propriety of appointing a committee for investi- 
gation and report at the next annual meeting. 


CAST IRON: STRENGTH, COMPOSITION, SPECIFICA- 
TIONS.* 


By W. J. KEeEp. 


The data which we have for this investigation consist of 
nineteen series of tests made for the Committee on Tests of the 
American Society of Mechanical Engineers in 1894-95, and of 
twelve series made in 1899-19¢1 by the Committee on Tests of the 
American Foundrymen’s Association. 

Each of these series consisted of pairs of test bars cast together 
varying in size from 4 inch square to 4 inches square, and the 
latter with round bars of the same areas. 

To compare such records of 4-inch to 4-inch test bars it is. 
necessary to find the strength of a section 4 inch square by 12 inches 
long of each which is the greatest common divisor of all test bars. 
See Fig. 1.7 


TY ae Sa a a 4” Size of Bar 
8) 1 3.375 8 64 x Str. of 1/’« 
512 or x « «wh 


1 8 27 64 
ae 44+] to get the 
sae 4 strength 
LT | of any 
Divide the pea Thee 
strength of any other size 


by the above numbers to get strength of lor » bar 


Fic. 1. 


Tensile tests were made by the American Foundrymen’s 
Association. 

Complete chemical analyses were made of each series. 

The American Society of Mechanical Engineers series are 
numbered and the American Foundrymen’s Association series 
are lettered. 


* This paper was contributed jointly and simultaneously to the 
American Society for Testing Materials and the American Society of 
Mechanical Engineers.—W. J. K. 

+ Acknowledgment is made to the American Society of Mechanical 
Engineers for the cuts used in this paper. 
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The American Society of Mechanical Engineers records are 
the average of two test bars of rectangular section cast together. 
The American Foundrymen’s Association records are the average 
of all bars of the same area both square or round, in most cases 
the average of sixteen bars. These strengths and the chemical 
composition of these bars are shown graphically in the figures 
2 to 16. 


PHYSICAL AND CHEMICAL SIMILARITY. 


In the preceeding figures, take the line or curve representing 
any chemical element and compare its variation with the variation 
of the line representing the strength of each size of test bar and 
note the apparent similarity. After completing the examination 
condense the results for the influence of each chemical element. 

CHEMICAL COMPOSITION AND STRENGTH.—<Silicon.—Up to 
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3.00 per cent silicon increases the strength of small castings, such 
as 4-inch test bars. Up to 2.00 per cent it increases the strength 
of 1-inch test bars. 

In the air furnace casts D, E and L, 34-inch, 1-inch and 
14-inch test bars all increase in strength as silicon increases, and 
all other sizes increase in strength to .go per cent silicon. 

In cupola mixtures with silicon over 1.00 per cent test 
bars larger than 1x inch usually decrease in strength as silicon 
increases. 

The tensile tests, Fig. 16, of all bars up to 2 inches and to 2.50 
per cent show an increase in strength, but a decrease for 3.00 per 
cent. 

Total Carbon.—In gray iron, transverse strength decreases 
with increase of total carbon. The tensile strength shows no such 
uniformity. 

In Series 1, Fig. 12, steel scrap was added to decrease total 
carbon and to increase strength, but this was not as strong as B, 
Fig. 8, with no scrap, though both have the same silicon. 

Total carbon increases as silicon decreases because silicon 
changes combined to graphitic carbon, and some of this escapes 
as the metal cools. 

The increase in strength and decrease in total carbon in test 
bars up to 2 inches is caused by the increase of silicon which 
removes brittleness. 

Combined Carbon.—This always decreases as silicon increases 
with normal conditions. The transverse strength of 4-inch and 
t-inch test bars gradually increased while combined carbon 
decreased, but in larger bars strength and combined carbon both 
decreased. 

This was due to the slow cooling which increased the size of 
the grain. The average of all tensile tests shows an increase of 
strength as combined carbon decreases. 

If it was the decrease of combined carbon which caused the 


decrease in strength in large test bars the smaller bars would not 


show the opposite result. 

Analysis of each size of test bar often shows the same com- 
bined carbon in small and in large bars, but the small bars are 
invariably strong and the large bars weak due to slow cooling. 

In Fig. 9, B has the lowest combined carbon and the greatest 
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strength of the group. Im J the strength drops in all sizes of test 
bars while combined carbon is slightly greater. 

Comparing B with J (Fig. 13), while both have the same 
silicon, J has very much lower combined carbon and is very much 
stronger in the }-inch and r-inch bars; is about the same strength 
in the 14-inch, 2-inch and 24-inch bars, but the 3-inch, 33-inch and 
4-inch bars are much weaker. (Steel scrap added to J did not 
act as expected.) 

Closing the grain and removing brittleness increases strength. 
Melting im an air furnace, Fig. 14, increases both strength and 
combined carbon. 

Graphitic Carbon.—The quantity in any casting is the differ- 
ence between the total and the combined carbon. In these series 
there is no uniformity between the percentage of graphite and 
the strength. 

Phosphorus—tIn all of these series phosphorus generally 
increases as silicon increases. 

While the tensile tests, Fig. 16, show an increase. of strength 
with an increase of phosphorus, yet the transverse tests, especially 
Figs. 6 to 9, seem to show that phosphorus reduces strength. This 
is also general shop experience. 

Sulphur—There is not in these tests enough uniformity 
between the percentage of sulphur and the strength to show any 
decided influence, but the indication is that sulphur decreases 
strength. In some cases sulphur might add to strength by causing 
the grain to be closer. 

Manganese.—The percentage is too nearly the same in these 
series to show any influence on strength. 

By comparing strengths and chemical composition of the irons 
nearest alike, as 3, 9, 16, A, or 5, 18, B, C, I, or 13, H, or 6, 12, 
with all chemical elements nearly alike, and no scrap, but with 
quite different strengths, it is very evident that strength is depend- 
ent upon something outside of the ordinary chemical composition. 

Slow Cooling Decreases Strength by making the grain of a cast- 
ing coarse and more open. The larger the casting the weaker it 
becomes per square inch of section. The weakness is not caused 
by a decrease in combined carbon because. a complete analysis of 
each size of test bar (Transactions, American Society of Mechanical 
Engineers, Volume XVI, p. r100) shows the same combined carbon 
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Keep’s TENSILE STRENGTH CHART. 


Approximate relation of strength to size of casting and to percentage of silicon. 
(Table gives the strength per square inch.) 


Fie." 2t. 


in all sizes of many series, but in all cases the strength per unit of 
section decreased as the size increased. 

Strength of Any Size of Test Bar cannot be Calculated by Any 
Mathematical Formula from the Measured Strength oj Another Size, 
because the grain changes by slow cooling. Such strength must 
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KeEeEp’s SHRINKAGE CHART, 
Approximate relation of shrinkage to size of casting and to percentage of silicon. 
Fic. 24, 
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Association tests and also gives a iine showing the average tensile 


-strength. 


Fig. 20 shows the average tensile strength 
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strengths shows that a graphic chart should show this general 


-character of diagram. 
-of each size of test bar of each of the American Foundrymen’s 
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TENSILE STRENGTH CHart.—Fig. 21 shows this chart.”,The 


dotted lines are estimated. 
TRANSVERSE STRENGTH CHART.—Fig. 22 and Fig. 22 (cont’d) 


-show the average transverse strengths of each American Society 


| 
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of Mechanical Engineers and American Foundrymen’s Association 
tests and a curve showing the average strength of each size of test 
bar for each variation in silicon. Fig. 23 shows these curves. 

SHRINKAGE CHaArt for approximating the percentage of silicon 
in any test bar or casting, Fig. 24 is constructed from the carefully 
measured shrinkage and analyses of each size of test bar of the 
American Society of Mechanical Engineers series. 

Table for Obtaining the Strength of Any Size of Test Bar 
jrom the Measured Strength of a Standard Test Bar.—Table I 
is calculated from chart, Fig. 23, for a standard 1-inch square 
test bar. Measure the shrinkage per foot of the standard test 
bar, then on the shrinkage chart, Fig. 24, find this shrinkage on 
the left-hand margin and follow horizontally until you intersect 
the line of the measured test bar. Follow the vertical line at the 
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intersection to the top of the chart, and you find the percentage 
of silicon that is expected to produce that shrinkage. Find this 
same percentage at the top of Table I, and follow down to the 
size of test bar that you wish the strength of. If you wish the 
actual strength use the lower figures as a multiplier of the measured 
strength of the standard 1-inch bar. If you wish the strength of 
a section 1 inch square by 12 inches long of the required test bar 
use the upper number to multiply by. 

If you have the strength of any size of test bar other than a 
t-inch bar, and know the silicon percentage, divide such strength 
by the lower number for the bar, or if you have the strength of a 
section of the required test bar 1 inch square by 12 inches long, 
divide by the upper number, and the result in either case is the 
strength of the standard 1-inch bar. 

To Find the Strength of Any Casting.—Divide the cubic con- 


a3 


= 
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tents of a casting by the square inches of cooling surface, and 

the quotient is the cooling ratio. If the casting has a large flat 

surface the edges may be neglected; for example, a casting 1 inch 

thick and 24 inches square. A strip 1 inch wide and 24 inches 

long would have 24 cubic inches contents and 48 square inches 

of cooling surface. 24+ 48 =.5 ratio. Find this ratio at the 

top of the chart, Fig. 25, and follow down to the diagonal, and 

we find that a 2-inch square test bar represents the strength of 

the casting. } 
With the shrinkage of a standard r-inch test bar, cast at the 

same time as the casting, find on the shrinkage chart the per- 

centage of silicon in the casting, then in Table I find the upper 

multiplier for a 2-inch test bar. This multiplied by the measured 

strength of the standard test bar gives the strength of a section 

of the casting 1 inch square and 12 inches long. 


PROPOSED SPECIFICATIONS FOR Cast RON. 


At the appointment of a committee by the International Asso- _~ 
ciation for Testing Materials at Zurich in 1895, the charge was: 
“On the basis of existing specifications to seek methods and means 
for the introduction of international specifications for testing and 
inspecting iron and steel of all kinds.” (W. R. Webster and 
Edgar Marburg at Atlantic City meeting of American Insti- 
tute of Mining Engineers, February, 1904, paper, ‘“ The 
Standardization of Specifications,’’ etc.) The secretary of the 
American section of the Committee on Cast Iron says that the 
“committees began to collect information on existing methods 
and to formulate specifications based thereon as far as possible, 
the final results being intended to represent the best American 
practice at the present time.” (Richard Moldenke at above 
meeting, paper, ‘‘ Specifications for Cast Iron,’’ etc.) 

The following are submitted as desirable by the various 
committees: 

GENERAL GRAY IRON CASTINGS AND METHOD oF 'TESTING.— 
Chemical Properties. 


Light castings sulphur not over.......... 0.08 per cent. 
Medium “ vi a TEES oon tore gop 
Heavy “ 7 aS Oot Ouhageie, ss 


Definition.—Light castings are those less than 4 inch thick. 
Heavy castings more than 2 inches thick. Medium all between. 
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Physical Properties. Transverse Test—The minimum break- 
ing strength of the ‘“‘Arbitration Bar’ (1} inches diameter) under 
transverse load shall not be under 


HEWN GE COSUDEG mcr Corer ea tine Ste ae & ices 25,000 lbs. 
MUSSELS Tesh Gh Marg basiy, rina iss tee ee ene Beis PaeRe ren 2,900 “ 
Heavy Be ise aes SwRI a foor 


In no case shall the deflection be under .10 of an inch. 
Tensile Test not less than 


TSH CASINGS... eee eee eC es 18,000 Ibs. per sq. in. 
MMedinir  cce ee ca cat eee 2EOCON Ue eh ee 
ECA Yereoh SC Ce fees ie Soros Raiacielests RLGOOrs iy ses 


Two sets of round bars 14 inches diameter shall be cast from 
each heat, one set from the first and the other set from the last 
iron going into the castings. The transverse test shall be made 
on all the bars cast with supports 12 inches apart, load applied 
at the middle. One bar of every two of each set made must meet 
requirements. 

AMERICAN FoUNDRYMEN’S ASSOCIATION specification. Light 
and medium weight castings silicon 1.75 per cent and up, test bars 
14 inches diameter. 

Heavy castings silicon 1.50 to 2.00 per cent, test bars 2 inches 
diameter. 

Chilling irons silicon below 1.00 per cent, test bar 24 inches 
diameter. 

No specification for strength. 

Pree CastINcs, no chemical specification given. 

Physical Test—Test bar 2 inches wide, 1 inch deep, supports 
24 inches apart and loaded at center. For pipe 12 inches diameter 
and less, breaking load 1,900 pounds with not less than 30-inch 
deflection. . 

For pipe larger than 12 inches, load 2,000 pounds with deflec- 
tion not less than .32 inch. The test shall be based upon the 
average result of three test bars. 


4 LocomorTivE CyLInDERS.—Chemical Properties. 
DINGO a a rae th wale ome Sire tus from 1.25 to 1.75 per cent. 
PROSpLONIS Pee ents ce ke es not over .9o per cent. 
Sha phnien eric pe ce Mie icin eee oe Ss Sian 8 6h aia 


Physical Properties —‘‘Arbitration test bar,” 1} inches 
diameter, supports 12 inches apart, strength not less than 2,700 
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pounds, deflection not less than .o8 inch. One test bar for each 
cylinder. Acceptance or rejection in case of dispute based on 
chemical analysis. 

MALLEABLE CAstTINGs.—Chemical Properties. -/ Sulphate not 
over .06, phosphorus not over .225. 

Physical Properties—Standard test bar 1 inch square, sup- 
ports 12 inches apart, transverse strength after annealing not less 
than 3,000 pounds, deflection at least 4 inch. Tensile strength, 
the same size of bar, not less than 42,000 pounds per square inch. 


“EXISTING METHODS”? AND SPECIFICATIONS. 


The reply to letters to leading founders and chemists was 
generally that they used no specifications. 

Tue UNITED ENGINEERING AND FounDRY CoMPANY, com- 
prising many of the largest foundries in the Pittsburg district, 
says: ‘‘ We watch our silicons and sulphurs pretty carefully for 
the ordinary run of castings, and when we desire castings of high 
strength we make a mixture from scrap and pig that, when melted 
in an air furnace, will give us a silicon of about 1.50 per cent.” 

PHILADELPHIA AND READING Rat~way Company.—‘‘With 
50 per cent of pig iron as per specification and 50 per cent of good 
scrap with ferro manganese in the ladle, we got a very tough, close- 
grained iron which turns up almost like steel. We get the best 
results by the combination of analysis from the castings themselves 
combined with the appearance and character of the fracture, and 
we avoid test bars owing to the difficulty of having them represent 
the general condition of the castings. We used a test bar 1.13 
inches diameter, 12 inches. between supports. Our former 
specifications were roughly: 

Medium Iron, engine cylinders, gears, etc. Silicon 1.40 to 
2.00 per cent. Sulphur less than .o85/per cent. Phosphorus less 
than .60 per cent. Manganese less than .7o per cent. ‘Transverse 
strength about 2,400 pounds per square inch.” 

“Soft Iron, general car and railway use. Silicon 2.00 to 2.80 
per cent. Other elements same as medium iron. Transverse 
strength 2,000 pounds.” 

“For Brake-shoes and other castings for frictional wear. Sili- 
con 2.00 to 2.50 per cent. Sulphur less than .15 per cent. Phos- 
phorus less than 0.70 per cent. Manganese less than 0.70 per cent. 
Transverse strength 2,900 pounds.” 
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J. I. Case THRESHING MACHINE COMPANY SPECIFICATIONS 
and used by a large number of Western founders, and published 
by their chemist, Mr. W. G. Scott, are as follows: 

Close Hard Iron for air and ammonia compressors, H. P. 
cylinders, H. P. valves, etc. Silicon 1.20 to 1.60 per cent (below 
too hard, above porous, unless much scrap is used). -Sulphur less 
than .og5 per cent. Phosphorus below 0.70 per cent (for chill 
.30 per cent). Manganese below .7o per cent (higher for chill). 
Transverse strength, test bar 1 inch square by 12 inches cast in 
yokes, 2,400 pounds. ‘Tensile strength per square inch 22,000. 
Shrinkage (bar r inch square by r2 inches), not more than .161 
inch. Chill in yokes below .25 inch. 

Medium Iron for engine cylinders, gears, pinions, etc. Silicon 
1.40 to 2.00 per cent (1.50 best for gears). Sulphur less than .o85 
per cent (best .075 to .o80). Phosphorus below .70 per cent. Man- 
ganese below .7o percent. Transverse strength 2,200, tensile 2,000. 
Shrinkage not more than .154 inch, chill .15 inch. 

Sojét Iron for pulleys, small castings and agricultural work. 
Silicon 2.20 to 2.80 per cent (below too hard, above weak for large 
castings, 2.40 a good average). Sulphur less than .085. Phos- 
phorus below .70 (1.00 for stove plate). Manganese below .7o per 
cent. Transverse strength 2,000. Tensile 18,000. Shrinkage 
-t4t inch. Chill .o5 inch. 

Tue Loramw Founpry Company.—Mr. Oliver Phelps, 
former general manager, gave me the following: ‘‘The efforts 
of the Lorain foundry were devoted specially to large and heavy 
castings. Size of test bar 2 inches wide, 1 inch deep and 24 inches 
between supports. Three test bars. 

Hard Iron, for compressor cylinders, valves and high-pressure 
work. Silicon 1.20 to 1.50 per cent. Sulphur under .og. Phos- 
phorus .35 to .60. Manganese .50 to .80. Transverse strength 
2,600 pounds per square inch. Tensile 24,000 pounds per square 
inch. 

Medium Iron for general work. Silicon 1.50 to 2.00 per cent. 
Sulphur under .o8 per cent. Phosphorus .35 to .60. Manganese 
-50 to .80. Transverse strength 2,400 pounds per square inch. 
Tensile 23,000. The above are cupola melts with best Connells- 
ville coke. Limestone flux. 

In some cases for density we place in the ladle $ to 1 per cent 
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For castings of over 15 tons we sometimes mixed 


minum. 


of alu 


air furnace and cupola iron, gaining nearly 30 per cent increase 


ins 


I think our high tests were, however, 


trength in both tests. 
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largely due to Northern lake ore irons, not over 15 per cent of our 


mixture being made with Southern iron. 


Chemical W ork Castings (cupola). Silicon 1.10to 1.35. Sulphur 
under .o7. Phosphorus under .25. Manganese .40 to .60 per cent. 
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Air Furnace Iron.—For Omaha and Pittsburg pump 
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1.50% 


1.00%Si 1254 
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about 1.50 per cent sulphur, about 1 pound coal to 3 pounds iron. 


Time of heat about seven hours.” 


ENGLISH Practice.—Professor Thomas Turner says: “For 


founders is break- 


However. 
for scien- 


y iron 
inches deep and 1 inch broad. 
many shapes and sizes of test bar have been adopted, and 


y 2 


transverse test the common test adopted b 
bar 3 feet long b 


ing a 
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tific purposes the results so obtained are converted by calculation 
into values for a bar one foot long and one inch square.” 

Fig. 26 (see preceding page)is a graphic chart of all of the 
preceding specifications reduced to terms of a bar 1 inch square by 
12 inches long. ‘There are four sizes of test bars, viz: 


COMMENTS ON SPECIFICATIONS. 


CHEMICAL SPECIFICATION.—The chemical properties for each 
kind of casting should be specified. A small variation in silicon 
will make castings either too hard or too porous. The general 
founder should be instructed on these questions. The sulphurs of 
the Committee for general gray iron casting are too high. The 
practice of the J. I. Case T. M. Company and Lorain F ouney 
Company should be followed closely. 

A chemical specification is of the utmost importance. The 
Lorain air furnace iron has silicon 1.30 per cent, the grain is close 
and strength of a r inch square bar is 3,900. The American 
Foundrymen’s Association (cast ZL) furnace iron has silicon 2.35 
per cent, which would make the grain too open and would cause 
spongy iron. To insure the density required for peculiar work 
the chemical composition must be specified. 

Test Bars.—Shape of Cross Section.—Very few realize the 
influence on strength due to a slight change in proportion of test bar. 
The results in Fig. 27 were given to me for this paper by the Dodge 
Manufacturing Company of Mishawaka, Ind. The fracture of 
each test bar was exactly one square inch area. The supports 
were 24 inches apart; strength the average of four bars. The 
analysis of the iron was: Silicon 2.12. Phosphorus .813. Sulphur 
.o81. Manganese .253. 


Trst BAars.—Best Size. 


1 inch square by J. I. Case and committee on malleables. 

1.13 inches round by Philadelphia & Reading Railway. 

1.25 inches round suggested by committee on general castings. 
and for locomotive cylinders. 

2 inches by 1 inch by 24 inches by committee on pipe and 
Lorain Foundry Company and in England. 

Tensile strength is always given in terms per square inch 
of area. The test bar for tensile test should be cast 1.13 inches 
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diameter, parallel for 2 inches at center, then gradually increas- 
ing in size to give taper ends for a firm hold with the grips of the 
machine. The bar should be tested just as cast, which would give, 
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The area of each fracture is 1 square inch. 
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without calculation, the tensile strength per square inch of a test 
bar cast and tested with a square inch section. 
If a transverse test bar is cast 1 inch square and tested with 
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supports 12 inches apart, the result is comparable with the tensile 
test because the area and the grain are the same. 

The test bar 1.13 inches diameter has the same grain as the 
1 inch square, and the strength is therefore comparable with 1 inch 
square, or with the tensile strength of a bar cast 1 square inch in 
section. 

The “Arbitration Test Bar,” 1.25 inches diameter. It cannot 
be used to arbitrate a dispute, because it is directed that the 
founder break all the bars, and no others can be made. 

From the above quotations I infer that it was not intended 
in the original instructions that any committee should propose a 


1’ dia, 


SS 


new test, but to “base suggestions on existing methods.” The 
record of a 14-inch round bar cannot be compared with any exist- 
ing published records. 

A round test bar 1.13 inches diameter equals a 1-inch square 
bar, equals area 1.00 square inch. See Fig. 28. A test bar 1.25 
inches diameter equals a bar 1.108 inches square, equals area 1.227 
square inches. 

Has such a test bar any advantage that would warrant the 
discarding of all previous records? 

It is not practical for a founder to reduce the record of a 1.25- 
inch round bar to that of a bar with 1 square inch area, cast from 
the same iron, by any mathematical formula. 
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It is not possible at present to realize what the strength of such 
a test bar indicates. 

Take, for example, the strength of a 14-inch bar at 2,700 
pounds for locomotive cylinders. 

The transverse strength of a 1-inch square section of a 14-inch 
round or a 1.108-inch square bar of 2,700 pounds by the formula 


2,700 X 1° 
= eared =1,985 pounds. 

But a 1-inch square section of a 14-inch round test bar, with 
1.50 per cent. silicon, is 85 pounds weaker than a bar from the 
same iron cast 1 inch square. 

1,985 + 85= 2,070 pounds. (By Table I with 1.50 per cent 
silicon this 1-inch square bar equals 2,069 pounds.) 

Did the Committee mean to prescribe such a low strength for 
locomotive cylinders ? 

The strength for general castings becomes 


1.25” dia. Section 1 [ ] tees He Bar Cast aac] 
Hard Iron. . .3,300 lbs.= 2,438 lbs. + 95 lbs.= 2,533 lbs. 
Medium .......2,900 “ = Chow | Mee rar LOS Aheer——= Baga! — 
SOLU errs lah 2 SOC — 1,816 “ + 2 Oke 1,036 


This is so near the J. I. Case T. M. Company specification of 
2,400, 2,200, 2,00 that it would seem better to adopt a specification 
in such general use. 

For cast pipe the bar 2 inches wide, 1 inch deep and 24 inches 
between supports gives a record which is exactly the same as an 
average section of that bar 1 inch square by 12 inches long, but the 
larger bar loses considerable from slow cooling. 


2x1x24 Section 1”[ ]x 12” Lost If Cast 1” [ ] 
2,000—= 2,000 + 227 — 2,227 lbs. 
I,g00= I,g0o + 189= 2,089 “ 


An average of eight test bars of series 18 of the English size 
3 feet long 2 inches deep and 1 inch wide was 3,251 pounds; the 
strength of a section 1 foot long and 1 inch square would be 2,438 
pounds. 

The average of eight such bars poured from the same ladle and 
tested 1 inch deep and 2 inches wide was 1,497 pounds; the strength 
of a section 1 foot long and 1 inch square would be 2,246 pounds. 

A test bar 2 inches by 1 inch whether 1, 2, or 3 feet long has a 
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sectional area of two square inches, but the strength per 
square inch of any of these bars whether tested the narrow 
or wide side down is not one-half the breaking load, but 
- is the calculated strength of a section one foot long and one inch 
square. 

STRENGTH IN SPECIFICATIONS.—It will be noticed from all 
figures, Nos. 2 to 23, and from the average American Foundrymen’s 
Association diagrams, that as silicon is increased the strength of 
heavy castings decreases, but that the strength of a 1-inch square 
test bar from the same iron increases while in all specifications all 
heavy and medium castings and also the r-inch square test bar 
must be strongest for low silicon. The chemical composition will 
not account for the extra strength. ‘The Lorain Foundry Company 
gets it by using special lake ore iron. Some do so by adding steel 
scrap, and others by using charcoal and other irons with peculiar 
qualities. There are some pig irons that when mixed with other 
irons in the cupola give the desired strength and still keep the sili- 
con at 1.30 per cent. Much less expensive irons are needed for 
medium iron, and quite low-priced irons can be used for soft cast- 
ings. This is entirely independent of the chemical composition. 
For example, Series 18, Figs. 6 and 7, has silicon right for medium 
iron, but it has strength for the heaviest castings. The cupola 
charge was 500 pounds each, “‘Swede”’ (plain), “Pulaski” (No. 
2), “‘Princess” (No. 2), ““Kemble” (No. 2), 1,800 pounds scrap, 
200 pounds cast iron borings. The test bars were cast at the middle 
of the heat. A test piece turned to 1} inches gave a tensile test 
of 29,040 pounds per square inch. Analysis of test bar was: T. 
5 3-33;0G. Cw 2.835 Ca. mse. Siv2.O5 2 Ps 12942,5152.052) aneae 
-354. Aside from its favorable composition the very high strength 
was due to the careful selection of pig irons, but most to the 
closing the grain with cast iron borings. 

If the specifications of J. I. Case T, M. Company be adopted 
for ordinary foundry iron, it might be well to specify a high grade 
cupola casting for extra heavy work, and take for such the Lorain 
strengths 2,800 and 2,600. 

For the highest grade of air furnace iron we might take the 
Lorain for the strongest, and the American Foundrymen’s Associa- 
tion, Series L, for the highest silicon allowed for medium weights. 
Strengths 3,800 and 3,200. 
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SQUARE AND Rounp Test Bars Cast Frat or on Enp.— 
As ordinary castings have flat surfaces and are cast flat, it would 
seem most natural to use a square test bar cast flat. 

The Committee recommended a piece of 10-inch water pipe 
for a flask. It is impossible to ram a vertical mold with a test bar 
extending upward without moving the pattern and have the sand 
packed uniformly. Any variation would produce a test bar of 
irregular section. In filling a vertical mold with iron the free 
surface is so small that bubbles of gas cannot reach the surface, 
but are caught near the walls of the mold. 

A square bar cast flat fills with iron so slowly that all bubbles 
of gas and all impurities that would form spongy spots have ample 
time to rise to the surface, which will put all flaws in the top surface, 
where they will not weaken the test bar. 

The top of the test bar should be marked, so that it will 
always be placed in the testing machine as it lay in the mold. 
In measuring such a square bar the depth can always be dis- 
tinguished from the breadth, while this would be difficult with a 
round bar. 

A horizontal mold can be rammed more uniformly than if 
vertical. The Western Foundrymen’s Association appointed a 
large committee to investigate this subject and they reported that 
in one group all bars cast flat were perfect, while 43 per cent of the 
round bars cast on end were defective. In another group 18 per 
cent of the square bars cast flat and 54 per cent of the round bars 
cast on end were defective. 

The Committee of the American Foundrymen’s Association 
say that a round test bar is more difficult to make and test than a 
square bar. 

Professor Woolson, of Columbia University, tested the follow- 
ing test bars of Series 18, Figs. 6 and 7. All bars were cast 1.13 
inch diameter from the same ladle and were turned to 1.065 inch 
diameter, and were tested on an Emery machine. 


Round Bars Cast Flat. Tensile Test. 


Broke at 25,000 lbs. Small spongy spot. 


““ “cc “ec 


25,500 


“ 


Average 25,250 ‘‘ = 28,345 lbs. per sq. in. 
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Round Bars Cast on End. Tensile Test. 


Broke at 14,600 lbs. Bad spongy spot. 
“ “16,300 ‘“‘ Bad blow-hole. 
"17,400 “ Blow-hole half through. 


i “20,200 ‘‘ Small blow-hole. 
“ “21,300 “ Small shot in surface. 
ae “22,400 “ Solid. 


7225500 Slight spongy spot. t 
SE 3 TOO poOldas 
23,400 Slight spongy spot. 
Pune 21330OOr men Olid: 
“- “24,000 “ Solid.* 


“6 


Average 20,791 ‘‘ = 23,340 lbs. per sq. in. 

All bars except * had a large number of small blow-holes 
in the turned surfaces. There was not a flaw in the fracture 
of any of the large number of square test bars cast flat in this 
Series 18. 

The argument for a round bar is that the grain is more uni- 
form, and that the corners of a square test bar take from the 
strength of the bar. The average of 38 bars each of American 
Society of Mechanical Engineers tests (19 series) gave transverse 
strength of bars of 1 inch area, square 2,361 pounds, round 2,107 
pounds. The average of all bars 1 inch area of American Foun- 
drymen’s Association tests (A to £) gave square 2,688, round 2,136 
pounds. 

Referring to Fig. 27, we see that transverse strength depends 
largely upon the amount of metal farthest from the neutral axis. 
The fibre distance of @ is .5o inch, of 6.685 inch, but the small 
‘portion that was stretched most gave way. ‘The fibre distance of ¢ 
is .565 inch, but the small amount of metal at the lower corner 
makes c weaker than a. 

The strongest portion of the test bar is its surface. Ifa hole 
were bored lengthwise through a test bar, it would not greatly 
decrease the transverse strength of a test bar. 

The large square, Fig. 29, represents the end of a block of 
cast iron, 9 inches square and 18 inches long. T. C. 2.84, G. C. 
.60, Cd. C. 2.24, Silicon 1.10, P. .34, S. .o9, Mn. .49. 

This block was planed into nine parts, and from eight of these 
were turned test bars of 1 square inch area. The tensile strength 
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Tensile 15780 lbs. 
Strength y 

per Sq.in. 
Difference 
9670 lbs, 


19790 Ibs. 


Area 1 Sq.In, 


of each is given in Fig. 29. ‘The corner is 9,670 pounds stronger 
than the center, and the corner is 5,000 pounds stronger than the 
middle portion of the side. 

This is also shown in Fig. 30 by compression tests of 4-inch 
cubes taken at each 4 inch in depth from a 34-inch square test bar. 
The center of the side is 2,812 pounds stronger than the center of 
the casting. It is upon this truss-like distribution of close grain 
that we depend for strength. See e, f and h of Fig. 27. 

For the greatest strength with the least metal we never make 
a cylindrical casting. 


SUMMARY. 


A variation of size of a casting causes a great variation in 
strength, because of the change in the rate of cooling. 

A variation of shape of castings which have the same area of 
cross section causes a great variation in strength. | 

It is very difficult to calculate the strength of one form or size 
of test bar from the measured strength of another size. 

A test bar should be cast horizontally in the ordinary way and 
in ordinary sand the same as other castings. 

The average strength of at least two test bars cast together 
should be taken. 

The distribution of metal in a square test bar gives a stronger 
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inch square is the size and shape in general use. 


k of transverse or tensile strength as so much per 


inch. 


A test bar 1 
square inc 
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DISCUSSION. 


RICHARD MOLDENKE (by letter)—A few comments would Mr Molde: 
seem necessary for the information of those who desire specifica- 
tions for testing cast iron to be of commercial as well as scientific 
application. To begin with, the charge under which the Com- 
mittee on Testing Cast Iron was organized departed from the 
original intention of the Zurich Congress of 1895, in that no limita- 
tions were placed on the scope of the work, whether this was to be 
based on existing conditions or not. Furthermore, none of the 
correspondence touched upon any ordered or implied limitation. 
The work of the Committee is based upon existing conditions 
only where these are correct and commercially applicable. 
Misleading methods, and small special classes of work which might 
not properly come under a general specification were excluded. 
The Committee furthermore endeavored to cut out non-essential 
conditions and tests which would become burdensome and not 
give additional safety commensurate with the effort expended. 
For instance the several metallurgists on the Committee, who have 
had extended experience in foundry practice agreed in omitting 
the chemical composition, sulphur alone excepted, as the physical 
strength was a matter of specification. Having both requirements, 
while praiseworthy in one sense, as giving an additional differentia- 
tion of the product, nevertheless imposes expense which seems 
unfair to the foundry which is not equipped along the most modern 
lines, and yet turns out excellent product. Mr. Keep is very 
strong on the chemical composition, yet practical metallurgists 
are content without most of it, as the physical tests, when made on 
proper sized and shaped bars, and which must be carried out any- 
how, show up the composition quite readily for specification 
requirements. Where, as Mr. Keep claims, chemical limits are 
absolutely necessary to insure soundness, well and good, let the 
purchaser add them, as is his right if he wishes it. Yet metal- 
lurgists have found that in these peculiar classes of castings a 


24 


Mr. Moldenke. 


370 DIscussION ON Cast IRON. 


matter of more or less scrap in the mixture means a difference in 
structure not accounted for by chemical means. The Committee, 
no doubt, acted wisely in confining itself to the more general side 
of the problem. 

Now as to the test-bar. In two instances did the Committee 
adopt the test-bar in use. The one for pipe, because this was an 
entirely commercial matter, the makers being perfectly satisfied 
to adopt a bar free from the objections of the 2 by 1 by 26 inch 
standard used at present, though they were favored by it, if any- 
thing. The engineers, however, under whose care the specifications 
naturally come thought otherwise, and insisted on the old standard 
with which they were familiar. Being unacquainted with the char- 
acteristics of cast iron, these would have taught them that the round 
arbitration bar in reality requires a better quality iron to give the 
tame results when compared mathematically with the rectangular 
bar, the latter is strengthened in its four corners, and tested on 
supports double as far apart with consequent greater relative ease 
in resisting a transverse load. 

The other bar is that for ‘“‘ Malleable Castings,” 1 by 1 by 14 
inches, which has been in constant use since this class of castings 
has been tested at all. Here we find a situation entirely apart from 
the gray iron foundry. The bar as cast is white throughout, and 
hence not artificially strengthened by an increase in combined 
carbon in the corners. Even if this should be the case when the 
silicon is a little too high, the subsequent annealing with its con- 
version of the combined carbon to temper carbon, and its further 
remoyal in part, carries with it its own correction. 

With gray iron, however, a different situation confronted 
the Committee. The inch square bar will in all probability always 
remain a shop test for the approximate valuation of the work 
made daily. We know that this bar is not even a criterion for 
castings one inch thick, as coupons cut therefrom will quickly 
show. It was therefore determined to break away from the various 
styles of bars used to a greater or less extent by individual concerns, 
and select such a standard that the objections which could be 
raised against it both technically and commercially might be a 
minimum. 

The fact that this bar was to be prepared under conditions 
unusually favorable to the metal so as to bring out its real value, 
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led the Committee to adopt Mr. Wood’s designation, ‘The Arbi- Mr. Moldenke. 
tration Bar.’’ The founder has the privilege of casting as many 

of these bars for his information as he pleases. For the tests to 

prove the specifications, the breaking of all the bars called for is in 

itself the final arbitration. Mr. Keep’s criticism that the bar 

cannot be used to arbitrate as all those cast are broken would not 

seem to hold. 

When the section of the bar was first discussed, it was admitted 
that the diameter should best be near 2 inches. Subsequent experi- 
ment developed the fact that the better grades of castings would 
be measured by a bar which broke beyond the range of our ordinary 
testing machines, and hence the diameter was reluctantly reduced 
to the one adopted. That the results cannot be compared with 
existing records cuts little figure, as the existing records consist of 
several elaborately enough conducted tests, but not all of them 
are above criticism on technical grounds. For instance, every 
investigator would throw out bars cast flat and which are not 
known to have been tested as cast. He would call all square bars 
doubtful. All green sand bars of small sections worthless, and 
especially discard the much debated half-inch test bar, even for 
high silicon irons, where the temperature of the iron was com- 
paratively low. What is there then left of the published tests to 
compare with. 

If the molding specifications are gone over carefully, it will 
be quickly seen that but few bars made previously have had the 
benefit of a fair deal, and that it is perfectly possible to carry out 
these molding directions has been demonstrated again and again 
in the shops under the supervision of the Committee members. 

Casting bars on the end requires more skill than molding 
them flat. This can be soon learned by the molder, and it is 
expected that an important bar, such as this is to be to the 
founder, should be molded and poured by the best men in the 
shop. 

The Arbitration Bar is large; has no corners to be affected; 
is cast in dried sand; is cast vertically, which gives better material 
than any flat casting for testing purposes; the number required is 
ample and yet not burdensome; the tensile test is deprecated as 
unreliable when made on most of the testing machines of the 
country; analyses for sulphur are provided for, and the limits, 
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while liberal, are sufficiently low to keep out inferior iron and coke. 
Against these manifest advantages stands the fact that we will 
have to learn to think with values not before impressed upon our 
minds. Well suppose we begin now, and in a few years we won’t 
mind a bit. 

Tuos. D. West (by letter).—In a study to draw conclusions 
from Mr. Keep’s deduction of the American Society of Mechanical 
Engineers’ tests and those of the American Foundrymen’s Associa- 
tion, statements are found that tend to confuse rather than enlight- 
en. Weare told on one page that the strength of any size test-bar 
cannot be calculated by any mathematical formula from the 
measured strength of another size, and on the next page we have a 
sentence affirming that such is not the case, and a large table is 
presented for obtaining the strength of any size of a test-bar from 
the measured strength of a standard bar. The author then gives 
rules for finding the strength of any casting by dividing the cubic 
contents of a casting by the square inches of cooling surface, ete. 
This is an impracticable proposition. The design of a casting and 
its treatment in making it, aside from the character of iron in it, 
are the factors which regulate its strength. Castings for the same 
purpose can be made from one design that can be cracked with a 
few raps of a 4-pound hammer, whereas from another design it 
might require the drop of a 20c-pound or heavier ball to break it. 

The paper affirms a one-inch square bar to be the standard. 
I know of no society or committee that has suggested such for 
approval, and it is but a few years since Mr. Keep held that a 
one-inch square bar could not indicate the strength of an iron, but 
that either a smaller or larger bar must be accepted. 

In taking up the question of the 1.25-inch diameter arbitration 
test-bar, Mr. Keep claims such cannot be used to arbitrate a dispute 
because it is directed that the founder breaks all the bars and no 
others can be made. He also affirms that the committee of the 
American Society for Testing Materials had no authority to propose 
any new tests, but should have confined their indorsements to 
present or antiquated methods and that the records of 1.25-inch 
round bar cannot be compared with any existing published records. 
There is no restriction that I know of to any inspector witnessing 
the breaking of the bars or having half of any set left for his own 
pleasure of testing. I may be mistaken, but I do not understand 
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that the test-bar committee had any instructions not to make Mr West. § 
research of the most modern methods of testing, or present new 
ones. If we have overstepped our authority, we should be repri- 
manded, and the work that has been done should be annulled. 
It would seem, however, that restrictions to entertain any progress 
that might have been or could be made, would be evidence that 
“existing methods” cannot stand the light of research, and I for 
one object to being on any committee that has instructions prevent- 
ing their obtaining all possible knowledge of advancement. Mr. 
Keep’s statement, that the record of a 1.25-inch round bar cannot 
be compared with any existing published records, is like arguing 
that in making mixtures chemistry should never have been intro- 
duced, because of past experience being all in the line of making 
mixtures by judging fractures. Again, it is not in keeping with the 
true purpose of test-bars, namely, their ability to define the physical 
qualities of the iron that goes into a casting. The effect of the 
design of a casting and its treatment in being molded on its 
strength is quite another matter, and since it is something that 
cannot be determined by test-bars, the author’s objection to 1.25- 
inch round bar becomes unsupportable. 

The author gives much space to a description of the different 
kinds and sizes of test-bars in use, with the semblance of advocating 
their continued application, when the aim of the advance-guard in 
modern testing is to disparage their use and get the engineering 
and foundry world to adopt standards only, so that in years to 
come all results may be intelligently compared, something which 
is now impossible. 

Reference is made to our Committee’s recommendation to use 
a ro-inch pipe for a flask, and objections are raised on the grounds 
that sand cannot be packed uniformly around a vertically molded 
test-bar, and that the free surface is so small that bubbles of gas 
cannot reach the surface for escape and would form imperfections 
which in the case of square, flat-cast bars would be on the top 
surface where they could do no harm. A blow-hole or spongy spot 
in any section of a test-bar is objectionable, and by casting bars 
on end as our committee advocates there will be less defects than 
by any other known method. Again, there is no difficulty in 
obtaining an evenly rammed true cast bar unless the workman has 
had no experience in using a rammer. 
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Mr. Keep claims it is difficult to record the depth and breadth 
of a round bar in comparison with a square one. With either form 
a micrometer should be used to indicate any differences of size, 
and this is as readily done in the one case as in the other. 

Reference is made to the Western Foundrymen’s Association 
committee obtaining defective bars. I presented a short discussion 
at the last meeting of the American Society of Mechanical Engineers 
showing why such results were secured and should be ignored. 

The statement is made that a square test-bar gives a stronger 
casting than a round bar of the same area of cross-section. This is 
contrary to all tests I have made or seen recorded. In 1894 I made 
100 tests on seven different grades of iron with bars 1.125 inches 
round and 1 inch square, using three bars of each kind for each 
test. The different kinds of bars were equal in area as far as it 
was practical to cast them in the rough. The difference as shown 
in the following table gives 1,551 pounds in favor of the round bar 
from the average of seven tests. 


TABLE I. 


SUMMARY OF STRENGTH AVERAGES OF RouGH ROUND vs. SQUARE 
Test Bars. 


AGAITY NITECAL Leer paavtee cee a Average of 14-inch round bars...... 3,686 Ib. 
% Ee ON hI ob aries | SCUIATS SS ahs ni 31344 | 
CMU OM Sb Agen Sen cgh etree 4 14“ round SEM er stot 
- OME cae Avge ee Rn Sere C7 nee (SOUATC og ert oe 4,492 
WOATWINCE] fretica i « «tan ara set a 14 round 20 0ane 
a 9 gH le My oR ee, Otis Wee - 1 Squares" see Pe iciey 
Heavy machinery ........ re) round) fo acer ne a65%°% 
i SOM LY “aSetyS * 1 square’ {S> Ada 2,504 “ 
Light machinery ......... Pigs ewe RRO ae a care 1,931 
- Sh ee ied yeh ive? FY I SQUATE Co) Or ase 1,705 
SHOVE! PIAS ssh vnccare ws * Tee COUN | .\croee 1,798 
“ By to Pee art eae ie S iy pied (0 ft 0 > UM pn Sa e703 
Sash “Weight Ft. aastatas ss Tei round) 5). ake 1,406 “ 
A Nhe wha tira) tise ONT Tes * e Ves squares”) Og 1,362 


Near the close of Mr. Keep’s paper he illustrates a section of 
a cast-iron bar 9 inches square and 18 inches long. ‘This bar was 
cut into 9 pieces and the tests taken from the corners and middle 
portion of the sides of the bars show the corner sections to be 5,000 
pounds stronger than the sides. Many other examples have been 
presented by the writer to illustrate the great objection to the use 
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of square bars, namely, the greater differences in the density of Ms. West. 
the material throughout its section as compared with round 
bars; but none demonstrates more conclusively the inadvisability 
of using square bars than the illustration presented by Mr. Keep. 
What engineering society or what engineer would accept speci- 
mens for testing steel or wrought iron that presented-such irregu- 
larities? I know of none, and I believe that, as they come to 
understand the issue between the advocates of the old and the new 
forms of test-bars and methods of casting, they will quickly swing 
to the progressive side and assist in demonstrating that the 
march is onward, and that what is best must in time prevail. 


PIG-IRON FEASTS AND FAMINES: , THEIR CAUSES 
AND HOW TO REGULATE THEM. 


By Georce H. -HULL. 


Eight times within the last eighty years the industries of the 
United States have been subjected to the blighting influence of 
an iron famine. During these famines, all shapes of iron and 
steel have undergone an enormous advance in prices. These 
famines have not resulted from the falling off in the volume of 
production, but from the rapid increase in consumption, and from 
the impossibility of supplying the demand at the time it occurred. 
It requires from a year to a year and a half to build a furnace for 
producing iron. The average stock of iron carried in the United 
States for the last twenty years has been less than three weeks’ 
production. | Under these circumstances whenever the demand for 
iron has increased largely and quickly, say, roo per cent within 
four or five months, it has left an unsatisfied demand—a void, 
which could not be filled, and in the ensuing struggle among the 
many consumers to get what little iron was produced over and 
above what was pledged by contract, these enormous advances 
have occurred. 

If this country during the last eighty years had experienced 
but two or three such famines, and these had come at odd periods, 
the iron men of the country might be excusable for not having 
anticipated them. But these famines have come so often and 
with such perfect regularity, that many people have endeavored 
to account for them as the result of some, planetary influence upon 
the human mind, analogous to the effect which the moon has upon 
the oceans’ tide. Others have been able to explain them on a 
purely business basis. The late Hon. Abram S. Hewitt has, for 
forty years, predicted these wonderful increases in consumption 
on the cumulative increase in the per capita consumption, together 
with the rate of increase in population. In 1855, for instance, the 
population was about 27,000,000, and we consumed about 100 
Ibs. per capita; in 1890 it was about 62,000,000 and we consumed 
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about 300 lbs.; and in 1902 it was about 81,000,000 and we con- 
sumed about 500 lbs. per capita. All of Mr. Hewitt’s predictions. 
have been more than verified. In his address to the American 
Institute of Mining Engineers in 1890, when the production was. 
about 9,000,000 tons, he stated that this country would require at 
least 14,800,000 gross tons of iron per annum by 1900, and made 
it perfectly clear that there was no more doubt that this result 
would be realized than that the growth of the country would con- 
tinue. With such evidences of what was to be expected, it is hard 
to understand why, in 1895-96-97 producers did not run their 
furnaces to the utmost capacity, sell as little iron as they could, and 
pile up as much reserve as possible on which to reap the benefit of 
the high prices so certain to come. 

What they did was exactly the reverse. With less than a 
million tons of stock on hand, and at a time when the country was 
on the eve of a return of prosperity which required thirty-seven 
million tons above the ordinary annual product, meetings were 
called in nearly every iron producing district for the purpose of 
bringing about an agreement to restrict production. The furnaces 
might have piled up a stock equal to several months’ production, 
and still have realized an enormous advance. The experience of 
Scotland has repeatedly shown that an abundant stock of iron does 
not prevent a substantial advance in price when demand increases 
sharply; the stock simply acts as a deterrent to the abnormal and 
ungovernable advances which spring from freight and rumor, and 
invariably culminate in disaster to every element in the iron trade. 
For example, in 1889, the price of iron in Scotland advanced 75 per 
cent in spite of the fact that the Warrant yards contained a surplus 
stock equivalent to twelve months’ production. On the other hand, 
had there been no reserve supply on hand, prices would have 
ascended to an artificial plane, and eventually brought about just 
such a stagnation in business as that from which we are suffering 
in this country to-day. 

In attempting to explain why a large stock was not accumu- 
lated in the United States, in the face of seven such experiences and 
the painful lessons which they impress, nothing seems to hit the 
nail so squarely on the head as the view of a certain Scotch iron- 
master, who asserts that the Americans are too busy to, take long 
views of business, and as evidence of this cites the fact that our 
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newspapers (which proverbially give the public what it desires) 
rarely ever quote prices and conditions back for more than a month 
or a year. Another Glasgow gentlemen, in discussing the Scotch 
Pig-Iron Warrant System, said, in effect: ‘The warrant system 
has been to us a great educator. Through it we have learned to 
take broad views of business. We look upon prices and stocks of 
iron not in the light of a month or a year, but in the light of ten or 
fifty years. We argue that what has occurred in the past will be 
repeated in the future, if the same causes exist in the future. We 
have learned that every few years there is a sudden and great 
increase in the demand for iron, with a corresponding increase in 
its price, and we shape all our business calculations to take advan- 
tage of these periodic conditions, with little regard to what the con- 
ditions are for the current year.”’ 

The delusions which result from looking at the iron business 
in the light of a month or a year are many. For instance, each 
time that pig iron has experienced several years of low prices in the 
United States, there has come a general belief that the price of 
iron could never again reach abnormally high figures. If one 
attempted to combat this belief, his arguments were swept 
aside by the declaration that ‘‘conditions are different now from 
what they ever were before,” but the high prices have never failed 
to come again, notwithstanding, and always from the same causes. 
Conditions are constantly changing in a growing country, but the 
operation of the law of supply and demand has never changed, and 
never will. 

We have in this country utterly false views of what constitute 
large and small stocks. With us, 1,000,000 tons of pig iron are 
regarded as a large stock; 100,000 tons are regarded as a small 
stock. Neither of these views is necessarily correct. 

If the commodity being considered is one the production of 
which can be increased quickly enough to supply any sudden 
large demand, then a small quantity may be ample stock; but 
if it is an article the consumption of which may increase 100 per 
cent within four or five months, and the production cannot be 
increased in like proportion under 12 to 13 months, then nothing 
short of several months’ production would be ample stock. 

Among ali the causes which tend to prevent an accumulation 
of a reasonable reserve stock of iron in the United States, probably 
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the most powerful one is the strike and accident clause, which in 
the last fifteen or twenty years has gradually crept into nearly 
all contracts for iron and steel. It reads something like this: 

‘Shipments and deliveries subject to strikes, accidents, defi- 
-cient transportation, and all other causes unavoidable or beyond our 
-control.”’ E 

Under shelter of this clause an iron-producer may make con- 
tracts for everything he expects to produce a year ahead, and yet 
not be obliged to carry a single ton of reserve stock. Whereas, 
without this clause, if he sold ahead, he would be obliged to keep 
-on hand enough stock to insure keeping up his deliveries during any 
unforeseen interruption in the operation of his works. One pow- 
erful influence which results in the accumulation of large reserve 
stocks of pig iron in Scotland is to be found in the positive and 
binding nature of all iron contracts made in that country. If 
anyone fails to deliver, no matter from what cause, he must suffer 
the loss incurred; hence, no one makes a contract without carrying 
a reserve stock. Ask anyone who sells to foreign countries for 
future delivery, whether he is permitted to embody the strike or 
accident clause in his contracts with foreign buyers. You will find 
that none of them is. If, for instance, an American exporter 
sells a million bushels of wheat for shipment to a foreign port a 
few months ahead, he immediately protects himself against any 
advance in price by making a contract on exchange for wheat 
-ceruficates covering a like amount. When he gathers up the 
grade of wheat needed to fill his contract, he simultaneously sells 
his exchange contract. If a cotton spinner makes a contract with 
an exporter for a thousand cases of cotton goods deliverable ahead, 
he protects himself against advance in cotton by buying cotton 
‘contracts on exchange. Before he makes his goods, he picks up 
the particular grade of cotton he needs, and simultaneously sells 
his cotton exchange certificates. Thus, in the United States, in 
nearly every business in the great staples, except iron and steel, 
people protect themselves against advances by making positive 
exchange contracts. 

In Scotland, when anyone makes a contract for work which 
requires a large amount of iron and steel, he immediately protects 
himself against the advance in price of these materials by making 
a contract with an iron dealer for an equal quantity of iron by 
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warrant; as he needs the iron and steel, he buys it in the open 
market, and simultaneously sells an equal quantity of his iron 
warrants. 

Strange as it may seem at first glance, prudent business 
men who deprecate speculation in business are the backbone of 
exchange dealings in commodities, and it is because of their aver- 
sion to speculation that they are so. Anyone, for instance, who. 
takes a contract, deliverable over a long period, involving the use of 
a large amount of iron and steel, has entered into the most dangerous 
kind of speculation; but if he protects himself by immediately 
making an exchange contract for a like amount of iron by warrant, 
he eliminates this speculative feature, and thereby insures his legiti- 
mate business profit, no matter how scarce iron may become or how 
much it may fluctuate in price during the fulfilment of his contract. 

The tendency in Sooiland is to use the warrant system and to 
accumulate reserve stocks of iron, and lessen its extreme fluctua- 
tions in price. The tendency of our American custom is just the 
reverse. 

Recently the Hon. Edward Atkinson has predicted that the 
consumption of iron in the United States will reach 40,000,000 tons. 
per annum between 1910 and 1913. This prediction, like those 
of Mr. Hewitt, is not a fanciful outburst of imagination; it is simply 
the result of a mathematical calculation based upon the exact 
growth of the past, and its fulfilment is as assured as are the future 
growth and expansion of the country. If im roro the stock on 
hand is one million tons, the production eighteen millions, and the 
demand forty millions, then the supply will be twenty-one milhons 
short of the demand the first year of the boom, and no human 
power can prevent another iron famine. 


ON THE STRUCTURE OF ALLOYS. 
By WILLIAM CAMPBELL. 


The importance of the study of alloys is evident when we 
consider that most of the metal used to-day is in the form of alloys. 
Of recent years a great deal of work has been done on the subject, 
and much progress has been made, due mainly to the great improve- 
ments in pyrometry and to the wide application of metallography. 
About fourteen years ago the Institution of Mechanical Engineers 
of Great Britain appointed an“ Alloys Research Committee,” whilst 
the Société d’Encouragement pour l’Industrie Nationale formed a 
“Commission des Alliages” shortly afterwards. The former have 
issued six Reports, whilst the latter have published their work in 
the Bulletin of the Society and also in a volume entitled “Contri- 
butions a |’Etude des Alliages,” consisting of sixteen papers. In 
the publications of the different societies both in this country and 
abroad, there is an increasing number of papers on the constitution 
and structure of metals and alloys, for the relation between struc- 
ture and physical properties is now recognized. 

Solidification of Metals—When a metal cools down to its 
freezing point it begins to crystallize from a number of centers. 
The crystals continue to grow until interfered with by neighboring 
crystals, and so the solid metal is composed of crystals with irregular 
boundaries, like quartz in a quartzite or calcite in marble, or 
massive labradorite. Each crystal or grain has a distinct orienta- 
tion which changes from crystal to crystal, and is well shown when 
a polished section is etched. The solid portion from a partly 
solidified mass of bismuth shows this orientation extremely well, 
whilst the fractures of more or less brittle metals are good illustra- 
tions. Fig. 1 magnified 38 diameters shows a fracture of antimony. 
Part of a single crystal is seen, with its marked cleavage in four 
directions. The adjoining crystals showed a similar cleavage, but 
differently oriented. The surfaces of buttons and ingots of many 
metals show the method of growth very well. The crystals grow in 
the form of dendrites or skeletons and, owing to contraction during 
solidification, these are left standing out in relief at the surface. 
Fig. 2 x 35 shows the surface structure of tin cast on stone. The 
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junction of parts of two crystals is seen; the dendrites form the 
skeleton or framework of each crystal and are differently oriented 
in the two crystals. 

Pyrometric Examination—When a pure metal cools down 
from the molten state the temperature falls normally until the 
freezing point is reached. The metal begins to crystallize out 
(provided surfusion does not occur) and the temperature remains. 
constant until the whole mass is solid, when the temperature again 
falls normally. A time-temperature cooling curve would show the 
horizontal break (a) with sharp angles as in Fig. 21, curve 1, indi- 
cating that the change from the liquid to the solid state took place 
at a constant temperature (a). Ifa trace of impurity were present. 
the curve would no longer show a sharp angle where solidification 
was complete, but the break (a) would be rounded off as in curve 2. 

For metals and alloys with low melting points the mercury 
thermometer can be used to obtain cooling curves, but for higher 
temperatures we have to employ other means. Two pyrometers. 
are now in extensive use. First, the Siemens electrical resistance 
pyrometer, improved by Callendar and Griffiths, makes use of the 
fact that the resistance of a platinum wire varies with the tempera- 
ture. The instrument has great sensibility because electrical 
resistances can be determined with great accuracy. The very 
accurate work of Heycock and Neville shows what can be done with 
this method. The second pyrometer is the thermo-electric couple 
of Le Chatelier, which depends on the electromotive force devel- 
oped when one junction is heated above the temperature of the 
other. The thermo-couple is usually composed of wires of platinum 
and platinum alloyed with 10 per cent rhodium. It has several 
advantages, such as accuracy at high temperature, small amount 
of material for determinations and simplicity of autographic 
recording. 

By an autographic recorder such/as that of Sir William 
Roberts-Austen,! the tedious work of taking time-temperature 
readings is overcome. The thermo-couple is connected with a 
D’Arsonval dead-beat galvanometer. A ray of light from a vertical 
slit is thrown onto the mirror of the galvanometer and is reflected 
through a thin horizontal slit in the recorder onto a sensitive plate 
or paper. The spot of light striking the plate is determined by the 
dimensions of the two slits. The sensitive plate travels up or 
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down by clockwork at a uniform rate, whilst the ray of light moves 
across the plate as the galvanometer mirror is caused to move by 
the change in temperature of the thermo-couple. Thus we have 
two motions: one, that of the plate in the vertical direction, giving 
us time; the other, that of the beam of light in the horizontal plane,. 
giving us temperature. Hence we obtain time-temperature records 
whose values can be obtained by calibration. 

The autographic cooling curve of a pure metal would appear as 
curve I In Fig. 21, whilst one with a trace of impurity would be 
shown as curve 2. 

The Constituents oj Alloys.—The following are the different 
constituents found in alloys: 

1. Pure metals. 

2. Solid solutions (of one metal in another or in a definite 
chemical compound: of a compound in a metal or another com- 
pound). 

3. Compounds of metals with metals or certain non-metals. 

4. Allotropic modifications of metals or compounds. 

5. Eutectics. 

When a pure metal is found in an alloy it is usually in the form 
of grains or dendrites, sometimes of perfect crystals. It is not 
always easy to tell whether the metal is pure or not. In some cases 
it can be isolated and analyzed, as for example the dendrites of 
silver found in silver-lead alloys, which were found by Saville Shaw 
to contain several per cent of lead. Another method advocated by 
Stead? is to melt the metal and add varying minute quantities of 
the second metal or element and allow the alloys to cool very 
slowly. If under the microscope the alloy with the least possible 
quantity of the added metal or element shows a second constituent, 
we may assume that the metal is pure and no solid solution is 
formed. As Stead has pointed out, many of the constituents of 
alloys, now accepted as pure metals, will probably be found to be 
solid solutions; in fact, experiments seem to show that the existence 
of a pure metal in an alloy will be a very exceptional thing. Copper 
holds several per cent of tin in solid solution. Osmond’ has shown 
that in the alloys of silver and copper, the silver and copper hold 
about one per cent of each other in solid solution. Aluminium 
holds about to per cent of tin, tin about 10 per cent of bismuth in 
solid solution, whilst copper holds antimony and arsenic. 
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Ostwald has defined solutions as homogeneous mixtures which 
cannot be separated into their constituent parts by mechanical 
means. A solid solution may therefore be taken as a homogeneous 
mixture of two or more substances in the solid state. “‘ Isomorphous 
mixtures or mixed crystals’? have been used to define solid solu- 
tions, but the meaning can best be illustrated by an example. 
Glass is a solid solution, for it is homogeneous and even the 
microscope cannot separate it into its components; whilst these 
components are present in no fixed ratio as in the case of a chemical 
compound. 

In alloys we find solid solutions of one metal in another or in 
a definite chemical compound: of a compound in a metal or in 
another compound. When an alloy of two metals, which when 
solid form a solid solution, cools down to its freezing point there 
is an arrest in the cooling; a solid forms, richer in one of the metals 
than the liquid from which it separates, thus enriching the liquid 
in the second metal. As the temperature falls more solid separates 
out, but each successive layer is poorer in the first metal. Diffusion 
takes place and the solid portion becomes progressively poorer in 
the first metal until it reaches the composition of the original alloy, 
when the whole mass is solid. In this way we have one solid with 
another homogeneously diffused through it. But in many cases 
we find that solidification is more rapid than diffusion in the solid, 
and so we have a solid which varies in composition from center to 
outside, as can be shown by suitably etching, etc. This is especially 
the case with very many of the alloys of copper. Figs. 8 and 19 
show this structure. The cooling curve of a solid solution is shown 
in Fig. 21, curve 2. 

Many metals combine with metals and certain non-metals in 
atomic proportions to form definite chemical compounds with char- 
acteristic physical and chemical properties. Copper and antimony 
form two compounds, the one purple, the other almost white. The 
purple compound of gold and aluminium is well known. Tin and 
antimony, copper and aluminium, antimony and aluminium, anti- 
mony and zinc, and numerous other metals form definite chemical 
compounds. Again, we find compounds of iron and carbon, iron 
and phosphorus, tin and phosphorus, copper and phosphorus, 
copper and oxygen, etc. 

Just as carbon occurs in the three forms, diamond, graphite 
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and charcoal or phosphorus in the yellow and red varieties, so we 
find some metals occur in two or more allotropic modifications. For 
instance, iron occurs in three forms, and the change from one to 
the other has been shown by Roberts-Austen' to occur with the 
evolution or absorption of heat. Osmond‘ has shown that they 
have different crystalline forms. It is probable that many other 
metals and some compounds can exist in more than one modifi- 
cation. 

Guthrie’ defined the eutectic as a body made up of two or more 
constituents, which constituents are in such proportion to one 
another as to give the resultant compound body a minimum temper- 
ature of liquefaction—that is, a lower temperature of liquefaction 
than that given by any other proportion. ‘These proportions are 
not necessarily in atomic proportions. Eutectic and cryohydrate 
mean the same thing. The eutectic alloy is therefore that alloy of 
aseries of alloys of two or more metals, with the lowest freezing 
point. Its freezing point is constant. Its composition is constant 
and is not necessarily in atomic proportions. It usually consists 
of a mechanical mixture, as shown in Figs. 3 and ro. 

The usual example of a eutectic is that of common salt and 
water. Pure water freezes at o° C. If we add a little salt the 
freezing point is lowered. The more salt added the lower will be 
the freezing point, until at 23.5 per cent salt we have the solution 
with the lowest freezing point, at —22° C., which is the eutectic. 
Further additions of salt raise the freezing point. Between o and 
23.5 per cent salt we find ice crystallizing out of the mother liquor, 
and above 23.5 per cent we have salt freezing out. For example, 
take the 1o per cent solution. Its cooling curve is represented by 
curve 3, Fig. 21. On cooling, a point (a) was reached at about 
—8° C., where ice began to separate out, thus enriching the mother 
liquor in salt. As the temperature fell more ice separated out and 
the mother liquor became more enriched, until at —22° C. it had 
the composition of 23.5 per cent salt, when it solidified at the 
constant temperature (b) or —22° C. as alternate flakes or laminz of 
ice and salt. Solutions containing more than 23.5 per cent salt 
would give a break (a) corresponding to the separation of salt 
which would impoverish the solution until as before it contained 
23.5 per cent salt at —-22° C., when it would solidify as alternate 
flakes of salt and ice, giving rise to the break (b). The freezing 
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point or cooling curve of the solution containing exactly 23.5 per 
cent salt would show only one break (b), as in Fig. 21, curve 4. 

Binary alloys have been divided into three main groups® 
according to their freezing point or equilibrium curves or: 

(a) The alloys of two metals which form neither chemical 
compounds nor a series of solid solutions. 

(b) The alloys of two metals which form a series of solid 
solutions. 

(c) The alloys of two metals which form chemical compounds. 

Type (a). When we study the alloys of two metals A and B, 
which form neither chemical compounds nor a series of solid 
solutions, we find the case is the same as that of water and salt. 
The cooling curves of the pure metals would be shown by curve 1, 
Fig. 21. ‘The addition of A to B or B to A would lower the freezing 
points of B and A: the more of the second metal present the lower 
would be the freezing point, until we arrived at that alloy with the 
lowest freezing point, or the eutectic. If we plot the freezing points 
for the various alloys we get two curves intersecting at the eutectic. 
These two curves are shown in Fig. 22 by the lines AC and BC. 
C is the eutectic alloy, and its cooling curve is shown in Fig. 21, 
curve 4. Now any intermediate alloy between A and C or B and C 
will show two breaks on its cooling curve, as in curve 3, Fig. 21. 
The upper break (a) corresponds to the separation of the metal 
A or B, whichever is in excess of the eutectic alloy C, thus enriching 
the mother liquor in B or A until it has a composition of C per cent 
when it freezes at the constant temperature (b). The more of A 
or B present in the alloy, or in other words the nearer the percentage 
of the alloy to the eutectic ratio, the lower will be the break (a), 
until at the eutectic alloy it is merged in (b). By plotting the upper 
breaks (a) for each alloy we get the curves AC and BC in Fig. 22. 
But the lower break (b) occurs at a constant temperature, where 
the two curves AC and BC intersect, and therefore is represented 
in Fig. 22 by the horizontal line through C. 

If, when solid, A is completely insoluble in B, and B is com- 
pletely insoluble in A, then the horizontal eutectic line through C 
will run from o to 100 per cent. But if we have to add a per cent 
of B to A before we find a lower break in the cooling curve or can 
see a second constituent under the microscope, and similarly have 
to add b per cent of A to B before a second constituent appears, 
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then the horizontal line through C runs from a per cent to b per 
cent as shown in the figure 22. Then alloys up to a per cent of B 
and b per cent of A will show cooling curves similar to curve 2, 
Fig. 21, and will be solid solutions. Hence the freezing point 
curve of this type consists of two inclined branches which intersect 
at the eutectic angle and the horizontal branch passing through 
this intersection. In Fig. 22 we have this general curve with the 
maximum concentration of the solid solutions formed at a per cent 
and b per cent, respectively. The curves AC and CB form the 
“liquidus,” 7. e., above these temperatures everything is liquid. 
The curves AaCbB form the solidus, 7. e., below these tempera- 
tures everything is solid; whilst in the areas between the solidus 
and the liquidus (7. e., ACa and BCb) we have a mixture of liquid 
and solid. The curve AC denotes the separation of the solid A 
containing a maximum of a per cent of B in solid solution, the 
curve BC denotes the separation or freezing out of the B containing 
a maximum of b per cent of A in solid solution, whilst the line aCb 
denotes the freezing of the mother liquid or eutectic in the form of 
a groundmass consisting of a minute conglomerate of A (with 
a per cent of B in solid solution) and B (with b per cent of A in 
solid solution). In the particular case where a and b =o we are 
dealing with pure A and pure B, 7. e., B is insoluble in A, and A in 
B, in the solid state. 

The curves Aa and Bb give the composition of the solids A and 
B as they freeze out, and so a horizontal line drawn at any particular 
temperature will give the composition of the solid (by the inter- 
section of the horizontal line with Aa or Bb) and the liquid (by its 
intersection with AC or BC) portions of the alloy which are in 
equilibrium at that particular temperature. 

The alloys of copper and silver*7 form a simple series of this 
kind. If A represents the freezing point of pure copper, 1083° C., 
and B that of silver at 960° C., the eutectic C occurs at 28.2 per 
cent Cu and 777.° C., a and b correspond to r.o per cent Ag and 
1.0 per cent Cu, respectively. All alloys containing between 1.0 
and 28.2 per cent Cu consist of dendrites and grains of silver set 
in an increasing groundmass of the eutectic: those between 1.0 and 
71.8 per cent Ag consist of dendrites and grains of copper set in an 
increasing groundmass of the eutectic. The curve AC corresponds 
to the freezing out of the copper containing a maximum of 1.0 per 
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cent Ag in solid solution, whilst BC corresponds to the freezing out 
of the silver with 1.0 per cent Cu in solid solution. 

Fig. 4 X 250 dias. shows the alloy containing 36 per cent Cu, 
64 per cent Ag. It contains an excess of copper above the eutectic 
ratio, and therefore consists of grains and dendrites of copper set 
in the eutectic composed of alternate flakes or particles of 
silver and copper. Fig. 5 x 250 shows the alloy containing a slight 
excess of silver over the eutectic ratio. The white irregular grains 
are silver, surrounded by the typical eutectic. It will be noticed 
that the structure of the eutectic varies from coarse to fine, but 
where we see coarse flakes or threads of copper, they lie next to or 
in coarse silver, and where the silver is fine the copper is also fine. 
The reason is evident, for when a coarse flake or thread of copper 
solidified, a coarse patch of silver froze alongside, in order that the 
composition of the liquid portion might remain in the eutectic ratio 
and equilibrium be maintained. This is even better shown in 
Fig. 3 X 500 dias., where one or two grains of silver are seen, 
together with the eutectic whose variation in texture is extremely 
marked. There is another feature in many eutectics which is 
worthy of notice. It is often found that where there is a large 
excess of one of the metals in the form of grains and dendrites, the 
eutectic in their immediate neighborhood is composed entirely of 
the other metal. The second constituent of the eutectic has been 
absorbed by the dendrites (of the same metal). This is seen in 
Fig. 4, where several of the dark dendrites of copper are surrounded 
by a white envelope of silver. This envelope is very thin and at a 
short distance away from the dendrites the eutectic has its normal 
structure. In some alloys which contained about 95 per cent Cu 
the matrix was found to be composed almost entirely of silver, due 
to this absorption of the copper by the dendrites. A similar thing 
has been noticed in many alloys. In annealed low carbon steel, 
the cementite of the pearlite is often found massive, due to its 
segregation and the absorption of the ferrite by the surrounding 
ferrite grains. 

The alloys of Jead and tin form a simple series like those of 
copper and silver. Their freezing point curve® is composed of two 
inclined branches, the one from the freezing point of lead at 326° C., 
and the other from the freezing point of tin at 231° C.; they 
intersect at the eutectic point, 68 per cent tin, 32 per cent lead at 
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180° C. Thus between o and 68 per cent tin the alloys consist of 
grains and dendrites of lead surrounded by an increasing matrix 
which is the eutectic: between 68 per cent and roo per cent tin the 
alloys consist of dendrites and grains of tin surrounded by a decreas- 
ing matrix. Fig. 9 x 30 dias. shows the surface structure of an 
alloy of 18 per cent tin, 82 per cent lead. In cooling down a tem- 
perature was reached (at 270°) where the whole of the lead could 
no longer be held in solution. A break in the cooling curve similar 
to (a) Fig. 21, curve 3, occurred when the lead began to solidify as 
dendrites; these dendrites continued to grow as the temperature 
fell and enriched the mother liquor in tin until at 180° C. it had the 
composition 68 per cent Sn, 32 per cent Pb, when it solidified as 
the eutectic and gave rise to the horizontal break (b). During 
solidification, contraction occurred and the lead dendrites were left 
standing out in relief. The reason why a plumber can so easily 
“wipe a joint’’ with plumber’s solder is evident. The alloy would 
begin to separate out crystals of lead at about 245° C., or over 
80° C. below the melting point of lead. ‘The mass would remain 
pasty through a range of 65° C. until at 180° the eutectic solidified. 
On the other hand, solder containing 2 parts of tin to 1 part of lead 
melts wholly at 180° C. and has no pasty range. It can be worked 
with a comparatively cold “iron,” and sets clean and white. It is 
the strongest alloy of the series, having a tenacity of over 9,coo 
pounds per square inch. 

The freezing point curve of bismuth and tin consists of two 
branches, the one from the melting point of bismuth at 266° C., 
and the other from that of tin, intersecting-at the eutectic point 
133° C. The eutectic alloy contains about 58 per cent Bi, 42 per 
cent Sn. The eutectic line aCb, Fig. 22, extends from ro per cent 
Bi to about 1 percent Sn. In other words, tin holds ro per cent Bi 
and bismuth holds 1 per cent Sn in solid solution. Fig. 10 x 40 
dias. shows the structure of the eutectic alloy. The tin has etched 
out dark. The variation in texture from coarse to fine gives the 
mass a coarsely granular structure. To the eye the alloy is 
markedly “pearly.”’ Fig. 11 x 40 dias. shows the alloy containing 
50 per cent Bi, 50 per cent Sn. It contains an excess of tin above 
the eutectic ratio, and this excess has crystallized out in the form 
of dendrites which, however, contain about ro per cent Bi in solid 
solution. Those alloys between 58 and roo per cent Bi consist of 
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an excess of bismuth in the eutectic. In solidifying the bismuth 
separates out in well-formed crystals, but these are heavier than the 
mother liquor out of which they separate, and therefore fall to the 
bottom, forming a layer there. This is the reverse to the formation 
of ice which is lighter than water and therefore floats to the surface. 

The alloys of silver and lead form a eutectic containing about 
2.8 per cent ‘Ag, which melts at 303°C.’ It has a characteristic 
structure, composed of plates of silver arranged in parallel groups. 
Silver can hold about 4 per cent of lead in solid solution, and so 
between roo and 2.8 per cent Ag the alloys consist of dendrites and 
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skeleton crystals of silver, containing a maximum of 4 per cent Pb 
in solid solution, surrounded by an increasing eutectic. Fig. 12 
shows the alloy containing ro per cent Ag, go per cent Pb, with the 
characteristic skeleton crystals of silver surrounded by the eutectic. 
Between too and 97.2 per cent Pb the alloys consist of dendrites of 
lead set in the eutectic. When one of these alloys cools down to 
its freezing point it begins to separate out dendrites of lead, thus 
enriching the mother liquor in silver. These dendrites continue 
to grow until the mother liquid has a content of 2.8 per cent Ag, 
when it freezes at 303° C., or over 20° C. below the freezing point 
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of lead. On this depends the Pattinson process for the desilveriza- 
tion of lead. The alloy is melted and allowed to cool slowly. On 
reaching its freezing point the lead separates out as dendrites, which 
are skimmed out, thus enriching the bath in silver. The process is 
repeated, with the addition of fresh lead containing the same 
amount of silver, and finally two products are obtained, market 
lead poor in silver, and lead rich enough in silver to be cupelled. 

Further examples of alloys forming neither chemical compounds 
nor a series of solid solutions are: Zinc and aluminium, eutectic con- 
tains 5 per cent Al and melts at 380° C.; zinc and tin, eutectic 
contains 8 per cent Zn and melts at 205° C.; lead and antimony,’° 
eutectic contains 12.5 per cent Sb and melts at 247° C.; zinc and 
cadmium," eutectic contains 17.5 per cent Zn and melts at 265° C. 

When examining a series of alloys, a simple method can often 
be employed whereby the whole series can be obtained in one 
section.” The two metals are melted in separate crucibles and the 
lighter is carefully poured onto the heavier and the whole is allowed 
to solidify slowly. Diffusion takes place, and on cutting a section 
we have the whole series from o to 100 per cent. For example, 
when such a diffusion alloy is made with aluminium and zinc, we 
find at the base the characteristic grains of zinc. At a short 
distance higher up the eutectic makes its appearance. It rapidly 
increases and the zinc grains become well-marked dendrites, which 
become smaller and finally disappear. The alloy has then the 
well-marked structure of the eutectic and contains about 5 per cent 
Al. On passing upwards dendrites of aluminium make their 
appearance, as is shown in Fig. 6 x 38 dias. As the eutectic 
diminishes, the dendrites of aluminium grow larger and become less 
distinct. Fig. 7 x 38 dias. shows the section where the eutectic has 
become merely an envelope round the massive dendrites of alu- 
minium, while Fig. 8 x 38 dias. shows the section near the top of the 
alloy in which the eutectic has been reduced to a few isolated 
black dots. Above this point it disappears. Figs. 7 and 8 show 
that the dendrites and grains are not pure aluminium, but contain 
some zinc in solid solution. Owing to imperfect diffusion they are 
purer in their centers, as is shown by the marked darkening of 
their borders on etching (with dilute nitric acid). 

Type (b). Coming next to the alloys of two metals which 
form a series of solid solutions. Our two metals A and B form 
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solid solutions in all proportions. As before, the cooling curves of 
the pure metals can be represented by curve 1, Fig. 21, but any 
intermediate alloy has a cooling curve represented by curve 2, 
Fig. 21. The freezing point curve for the whole series consists of 
a continuous curve joining the freezing points of the two metals 
A and B. This is shown by the curve AabB in Fig. 23. This is 
the “liquidus,” whilst AcdB represents the solidus. ‘Thus above 
AabB the alloys are liquid, below AcdB the series are solid, whilst 
between the two curves in the area AabBde we have a mixture of 
liquid and solid. An alloy with a composition represented by the 
vertical line ad has a freezing range from a to d. As a horizontal 
line cutting the solidus and the liquidus at any particular tempera- 
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ture gives the composition of the solid and liquid portions in 
equilibrium at that particular temperature, it follows that the alloy 
a will commence to freeze by the separation of a solid having the 
composition c. As the temperature falls the composition of the 
solid passes from ¢ to d, whilst that of the liquid passes from a to b, 
the solid increasing and the liquid decreasing until at the tempera- 
ture db the whole alloy is solid. The alloys of gold and silver," 
and probably of antimony and bismuth, are examples of this class 
of alloys. 

Type (c). This group embraces the alloys of those metals 
which form chemical compounds with one another. The simplest 
case is that in which there is one compound which forms a simple 
series of alloys with each of the metals. The freezing point curve 
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is simply a combination of two curves similar to that in Fig. 22. 
There are two eutectics. If the two metals A and B combine to 
form a compound A,B,, this compound acts as a metal, and we 
may have: 

(1) The excess of A or the compound A,B, in a groundmass 
which is the eutectic of A and A,B,. 

(2) The excess of B or the compound A,B, in a’ groundmass 
which is the eutectic of B and A,B,. Thus in (1) we find no free 
B, whilst in (2) we find no free A. 

The alloys of zinc and antimony are probably the best example 
of this case. Copper and antimony, with the purple compound 
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SbCug, are usually given, but Stead** has shown the presence of a 
second compound, SbCug, which is white, whilst Baykoff* finds 
that part of the series rearranges itself in the solid. 

In most cases, however, where two metals combine to form 
chemical compounds a complex series of alloys results, as a few 
examples will show. 

Copper and aluminium* form a compound Al,Cu, and between 
pure aluminium and the compound Al,Cu we have a simple series 
of alloys with a eutectic at about 32 per cent Cu. Thus between 
o per cent and 32 per cent Cu the alloys consist of dendrites and 
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grains of aluminium set in an increasing groundmass which is the 
eutectic of Aland Al,Cu. Fig. 11 can be taken as a type of struc- 
ture. Between 32 per cent Cu and Al,Cu the alloys consist of 
crystals of the compound set in a decreasing groundmass or eutectic 
of Aland Al,Cu. Fig. 15 x 16 dias. shows the surface structure of 
an ingot containing 51 per cent Cu, 49 per cent Al. The pure 
compound would contain 54 per cent Cu. The well-defined 
crystals of the compound have grown, contraction took place on 
cooling, the mother liquor sank beneath the surface, leaving the 
crystals in relief. A section shows these crystals surrounded by 
the eutectic. When the copper is increased above that of Al,Cu 
a complicated series results with two higher compounds and 
changes in the solid similar to those found in the steel series. 
Copper and tin" form three compounds, viz: CuSn, CugSn and 
Cu,Sn. The eutectic alloy of tin and CuSn occurs at 1 per cent Cu. 
Between o per cent and r per cent Cu the alloys consist of dendrites 
and grains of tin set in the eutectic of tinand SnCu. Figs. 6 and 11 
represent this part of the series. Between 1 per cent and about 
8 per cent Cu we find needle-shaped crystals of SnCu forming 
characteristic six-rayed groups, set in the eutectic. Fig. 16x33 
dias. shows the alloy containing 5 per cent Cu, in which the crystals 
of the compound are seen. (They are important as being one of 
the constituents of many bearing metals.) The groundmass is the 
eutectic of tinand SnCu. Above 8 per cent Cu the series becomes 
complicated because the first solid to form is SnCug, which at a 
lower temperature reacts with the mother liquor to form CuSn. 
At the copper end of the series, between o and 25 per cent Sn, 
the alloys consist of dendrites and grains of copper set in an 
increasing groundmass with a eutectic structure. Fig. 4 may be 
taken as the type of structure. The copper dendrites, however, 
contain over 5 per cent of tin in solid solution. The groundmass 
is composed of alternate laminz of copper containing some tin in 
solid solution and the compound SnCu,y. It solidified as a solid 
solution and at a lower temperature rearranged itself into Cu and 
SnCu,. To all such groundmasses which owe their structure to 
change in the solid, Howe has given the name “eutectoid.” 
Between the eutectoid point (25 per cent Sn, 75 per cent Cu) and 
the compound Cu,Sn, the alloys solidify as solid solutions and at a 
lower temperature rearrange themselves into Cu,Sn and the 
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eutectoid. Similarly between Cu,Sn (68.2 per cent Cu) and Cu3sn 
(61.8 per cent Cu) the alloys solidify as solid solutions, but at a 
lower temperature rearrange themselves into the compounds CugSn 
and Cu,Sn. In this series belongs speculum metal. As in steel, 
so here this change in the solid is of the utmost importance, for 
heat treatment and rate of cooling have the greatest effect on 
structure, and on structure depend to a great extent the physical 
and mechanical properties. 

Silver and tin** form a compound Ag,Sn at 65 per cent Ag, and 
between this point and pure tin we have a simple series of alloys 
with a eutectic at 3.5 per cent Ag. Thus between o and 3.5 per 
cent Ag the alloys consist of dendrites and grains of tin in an 
increasing groundmass which is the eutectic of tin and Ag,Sn. 
Between 3.5 per cent Ag and 65 per cent Ag the alloys consist first 
of needles, then of grains and dendrites of the compound sur- 
rounded by a groundmass which is the eutectic of Sn and 
Ag,Sn. Fig. 17 x 33 V shows the alloy containing 37.5 per cent 
Ag, 62.5 per cent Sn, in which the bright dendrites of the com- 
pound are seen set in the dark etching eutectic. Between Ag,Sn 
and pure silver the alloys consist of isomorphous mixtures of Ag 
and Ag,Sn. 

Antimony and aluminium*® form a compound at 81.5 per cent 
Sb corresponding to the formula SbAl. It is remarkable, for it 
melts at a temperature far above the melting points of its con- 
stituents. Its melting point is 1075° C. The series can be divided 
into two groups: (1) o-81.5 per cent antimony, consisting of the 
alloys of SbAl and Al; (2) 81.5—100 per cent antimony, consisting 
of the alloys of SbAl and Sb. Fig. 13 x 16 shows the alloy con- 
taining 33 per cent Sb, 67 per cent Al, in which the blackish purple 
crystals of the compound are seen set in the aluminium-rich 
groundmass. The alloys of antimony and aluminium rapidly 
oxidize in the air and soon disintegrate, those containing much of 
the compound becoming a fine black powder. 

Tin and arsenic’ form a compound having the composition 
Sn3;Asy. It crystallizes out in thick rough plates, as shown in 
Fig. 14, which is the alloy containing 20 per cent As, the ground- 
mass melting some 4° C. above that of pure tin and containing 
some arsenic in solid solution. Tin and phosphorus form a similar 
compound, Snz3P>. 
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Tin and antimony” form an important series of alloys which 
have been used for bearing metals. The alloys between o and 7.5. 
per cent Sb are solid solutions of the compound SbSn in tin, and 
crystallize out in forms isomorphous with tin. Fig. 19 x 33 shows. 
the alloy containing 5 per cent Sb, 95 per cent Sn, which is a type 
of this series. With increase in antimony the freezing point 
increases also from 232°C., that of tin, to 256° C., that of the alloy 
containing 7.5 per cent Sb. Above this point bright white cubes. 
make their appearance. According to Stead they correspond to 
SbSn. Fig. 18 x 33 shows the alloy containing 20 per cent Sb, 80 
percent Sn. It consists of bright white cubes of the compound set 
in a groundmass with a structure the same as that shown in Fig. 19, 
and isomorphous with tin. These bright cubes are lighter than 
the mother liquor out of which they freeze, and therzfore they float 
to the surface and form a layer there like ice on water. The cubes. 
increase with the antimony in the alloy and at about 45 per cent 
Sb begin to interfere and lose their cubic shape with marked increase | 
in brittleness. At about 52 per cent Sb, before the groundmasshis 
disappeared, the crystals begin to show a harder core of antimo y, 
which increases and finally occupies the whole field. 

Examples of ternary alloys. A bearing metal very much in 
use consists of 5.5 per cent copper, Ir per cent antimony, 83:5 per 
cent tin. Under the microscope three constituents are seen: 
(1) Bright needles of the compound CuSn, as seen in Fig. 16; (2) 
bright hard cubes of SbSn, shown in Fig. 18; (3) a tin-rich ground- 
mass which is plastic enough to yield to the axle, and in which the 
two hard constituents are imbedded. 

By substituting zinc for copper a marked change is produced 
in the structure of the alloy. The compound SbSn no longer has. 
its cubic shape, but has grown on and around a distinct harder 
core rich in zinc. Fig. 20 x 30 dias. shows an alloy containing 
10 per cent Zn, 22.5 per cent Sb, 67.5 per cent Sn. The hard 
bright constituent is seen to be composite and consists of the com- 
pound SbSn with a zinc-rich core, probably the compound of zinc 
and antimony. 

If we replace the zinc by lead we get a third type of structure. 
We find the bright cubes of the compound SbSn set in a ground- 
mass composed of grains and dendrites of tin surrounded by the 
eutectic. (See Fig. 11.) 
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Antifriction metals” are usually composed of three or more 
metals and give a wide field for research, but until the binary 
alloys have been worked out it is difficult and often impossible to 
interpret the structures met with in ternary alloys. 

From the above examples it will be seen that alloys possess 
distinct and definite structures whose influence onthe physical 
and mechanical properties is extreme. In many cases the rate of 
change from the liquid to the solid state will determine the prop- 
erties of an alloy. But in others there are profound changes which 
occur far below that point at which the alloy becomes solid. As 
examples of such changes in the solid state we have certain of the 
alloys of copper and tin, copper and aluminium, copper and anti- 
mony, and lastly, iron and carbon. ‘The great changes brought 
about in steel, etc., by quenching, tempering, annealing and the 
like, are simply those of structure or change of state, and if by the 
microscope and pyrometer we can follow those changes we can 
soon control them. 
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Mr. Campbell. 


Mr, Clamer. 


DISCUSSION. 


THe PRESIDENT.—Possibly Mr. Campbell would be willing 
to say a few words as to the method by which eutectics are deter- 
mined. 

Wo. CAmpseLL.—I do not know how the prehistoric plumber 
and tinsmith discovered that the eutectic of lead and tin consisted 
of two parts of lead and one of tin, but they were certainly aware 
of the fact that this alloy was the solder that froze at the lowest 
temperature. With it they could get a cleaner joint than with any 
other alloy of tin and lead. The ordinary method of finding the 
eutectic of two (or more) metals is as follows: A large quantity 
of the two metals is melted in a crucible and allowed to slowly cool. 
When the greater part of this alloy is solid the small amount of 
mother liquid is poured ‘off. This part is remelted and allowed 
to solidify and, as before, when the greater part has crystallized 
out, the remaining liquid is poured off. This portion will have 
approximately the composition of the eutectic. 

G. H. CLramMer.—The eutectic constituent of alloys does not 
seem to be very well understood generally, and a few words of 
explanation would probably not be amiss here. 

I think the best way of understanding this constituent is to 
imagine a body of sea water evaporated. A mixing of elements 
here in various proportions form chemical compounds, and if we 
imagine this aqueous solution of these compounds evaporated, we 
will have them crystallized out from the solution one after the 
other, according to their solubility. Upon further evaporation 
we finally get a saturated solution of all these different salts, com- 
monly known as the mother liquor. ‘This in alloys is what has 
been termed “Eutectic.” Eutectic is a saturated alloy or satu- 
rated combination of metals. In the tin and copper alloy, for 
instance, when the same is allowed to cool from the molten con- 
dition, according to the proportions in which these metals exist 
there is separated out first the element or combination of metals 
which has the highest fusing point. In alloys where copper pre- 
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dominates, the first solidification is pure copper. This is then Mr. Clamer. 
followed by the various copper and tin chemically combined com- 

pounds, until finally there is left a saturated solution of copper 

with tin and tin with copper. This is the eutectic of the alloy; 

the copper first solidifying at a temperature of approximately 

2,000° F., and the intervening compounds at various temperatures, 

until finally the eutectic solidifies at approximately 930°. The 
chemical constitution of this eutectic has been shown to be approxi- 

mately 73 per cent. copper and 27 per cent. tin. 

The plumbers’ solder referred to by Mr. Campbell gives a 
very interesting example of eutectic which is put to practical 
application. When wiping a plumber’s joint, the lead will first 
crystallize, and dispersed throughout the still liquid eutectic forms 
a pasty mass. The plumber has all the time it takes to cool, 
from the crystallizing point of the lead to the freezing point of the 
eutectic, to wipe the joint, until finally the material reaches the 
freezing point of the eutectic, and the entire mass is solidified. 
This represents a change of from probably 100° to 200° or more. 

The combination of metals presents a very interesting subject, 
and there is much yet to be learned. Some metals will combine 
chemically, the same as the elements combine to make salts, others. 
are simply solutions of one metal in the other, and others present 
very much more complicated combinations. 


A NEW CHUCK FOR HOLDING SHORT TEST PIECES. 
BY Dy DaievaNcHe 


There is probably no other place where short practical methods 
are conceived and made use of more effectively than in the labora- 
tories of modern manufacturing concerns where great quantities 
of raw material are used. Managers are rapidly becoming more 
and more in sympathy with the fact that materials are of first 
importance in both design and construction, and it is a growing 
necessity for users to make a study of the materials entering into 
their products. This study is being conducted in a most practical 
way by nearly all large users, demonstrating the qualities affecting 
the special duties for which the material is intended, and the 
economical ways devised for testing are often superior to com- 
mercial tests. 

These tests bring those of us who are users of a great variety 
of materials in touch with such characteristics as affect our work 
and thus enable us to use the most economical material available 
for a given purpose. Such tests and devices are conducted by 
busy men, who seldom have time to write for publication. There- 
fore many most worthy designs of apparatus, and methods of 
quick, accurate testing are not extended to other laboratories or, 
more frequently, the whole scheme is covered by a patent limiting 
its use to the few. 

It has suggested itself to me, that if the members of this 
Society would give in detail such practical methods as they have 
established, used and found valuable to themselves, much addi- 
tional information might well be provided for our publications, and 
in that way each of us would get the benefit of the other man’s 
experiences, and vice versa. ‘This is already being done in a meas- 
ure and in order to give additional impetus, I wish to describe a 
chuck designed to hold physical test pieces without the usual neces- 
sity of threading the ends. By this means we make tests of stand- 
ard dimensions of the tested portion, and as short as 2% inches in 


f 


—y 


Lyncw oN CHUCK FOR SHOR? TEST PIECES. 4Ol 


total length. I have deviated slightly in the dimensions of the 
test piece from that adopted by this Society as its standard. The 
2-inch gauge length is maintained, but o.505-inch diameter is 
adopted instead of 0.5 diameter on account of convenience of 
calculation. This in itself affects the holding device in no way, 
and it is found that o.505-inch diameter is just as easy to machine 
as 0.5 inch, making o.2 instead of 0.1963 square inch area, render- 
ing the computation simple and correspondingly less liable to error. 

This chuck has been in constant use in the Material Testing 
Department of the Westinghouse Electric and Manufacturing Com- 
pany, East Pittsburg, Pa., for about two years; it is extremely 
simple, easy to apply, gives perfect alignment, saves threading, 
permits of tests from minimum stock, and may be described briefly 
as follows: 

Fig. 1* shows the 
assembled chuck; 
Figs. 2 and 3 show 
in detail the com- 
ponent parts. 

The head and 
neck are similar to the 
old chuck for the 
standard threaded-end 
test pieces. 

The body is 2§ by 
2} by 1 inch, with a 
chamber r} by # inch, 
extending through the 
body to receive the 
split bushing. Adja- 
cent to this and over 
it is provided another 
chamber 3 by } inch 
to receive the end of 
the test piece that may 
Chuck. extend above the 
Fic 2. bushing. 


Finish allover 
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* Acknowledgment is made to the Katlroad Gazette for the cuts 
used in this paper 
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| =F f 
Half Bushings. — e---~/jg----—-»4 
Spring Steel Retaining Piece. 


Fic 3. 


A slotted hole 
extends from the 
bushing chamber to 
the bottom of the 
chuck to provide space 
for the test to assume 
proper alignment. 


The half bushings are made of tool steel and so designed 
that the shoulder of the test piece will fit snugly into them when 
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put together. The 
outside of the half 
bushing is accurately 
made so that when 
put together in pairs. 
they will slip easily 
into the chamber. 

A clamp is fitted 
to the back with two 
small screws and ex- 
tends over the end of 
the chamber to hold 
the bushings when 
they are pushed home. 

A spring steel 
retaining piece is 
attached to the front 
of the body by means. 
of one screw, permit- 
ting a side motion; 
when drawn down it 
holds the bushings and 
test firmly in place, 


and when pushed to one side the bushings can be readily removed. 
Fig. 4 illustrates three styles of holding-heads for specimens, 
three of which have been used successfully in this chuck. 
No. 1 has a total length of 4 inches, and is recommended when 


there is plenty of stock. 


No. 2 has a total length of 34 inches, and shows the proper 
proportion when the tests are but 34 inches long. 


LyNcH ON CHUCK FOR SHORT TEST PIECES. 403 


No. 3 has a total length of 2¢ inches, and is the minimum 
length so far used in this chuck, maintaining a constant test section 
of 2-inch gauge length and 0.505-inch diameter. There has been 
no noticeable difference in the results of tests due to the variations 
in total length. Even with the shortest piece, all tests so far con- 
ducted, have broken near the middle of the tested portion 
except for local flaws such as would affect any test regardless 
of holding devices. 

No. 4 has a total length of 44 inches with threaded ends and 
corresponds in every way to the standard adopted by this Society, 
except the diameter is 0.505 inch instead of 0.5 inch. This was 
used by us with the ordinary threaded chuck, until replaced two 
years ago by the one just described. 


THE COMMERCIAL TESTING OF SHEET STEEL FOR 
ELECTRICAL PURPOSES. 


By C. E. SKINNER. 


At the present time the rate of consumption of sheet steel in 
the manufacture of electrical apparatus in the United States alone 
is probably not less than one hundred million pounds per year. 
Assuming that 20 per cent of this material is subjected to the con- 
ditions under which the so-called iron loss occurs and that this loss 
is one and one-half watts per pound, we find we have a total loss of 
30,000 K.W. (40,000 H.P.), or an amount of power approaching 
the output of the largest single electrical power station in existence. 
At the rate of $25 per horse-power per year, this represents a money 
value of $1,000,009. This loss manifests itself as heat in the appa- 
ratus, and therefore serves no useful purpose, but forms one of the 
limitations to the output of the apparatus. 

The losses referred to are the hysteresis and eddy current 
losses, more commonly combined under the general term “iron 
loss.”” This loss occurs in all magnetic material which is subjected 
to alternating magnetic stresses, the amount of the loss in any given 
material depending upon a number of conditions which will be 
referred to later. 

In general, the following must be taken into consideration in 
connection with the testing of sheet steel for electrical purposes: 

1. The losses in different sheet steels vary greatly with the 
chemical composition and with the physical condition due to the 
heat treatment and the mechanical working which the steel has 
received. 

2. In most sheet steel the losses may be reduced by anneal- 
ing to a relatively small value. 

3. Nearly all steels, when the losses are reduced to a low value 
by annealing, are subject in a greater or less degree to aging, or 
increase in loss, due to the influence of comparatively low tempera- 
tures. 
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4. The permeability of all steels which may be rolled com- 
mercially differs by a comparatively small amount, no matter what 
their condition with respect to annealing. 

5. In all commercial sheet steels the physical characteristics 
are well above the service requirements. 

The commercial testing of sheet steel for electrical purposes 
therefore resolves itself into: 

(a) Chemical tests to determine the composition of the steel. 

(b) Electrical tests to determine the losses in the steel after 
punching, before and after annealing. 

(c) Electrical tests to determine whether aging, or increase in 
the losses, occurs when the steel is subjected to moderate tempera- 
tures. 

(d) Tests for permeability. 


(a) CHeEmicAL TESTS. 


Sheet steel used for electrical purposes is always a very mild 
steel, the carbon rarely being above 0.15 per cent, the phosphorus, 
sulphur, silicon and manganese also usually being kept quite low. 
The composition may vary over comparatively wide limits and the 
steel still fulfill the necessary conditions as to quality. One or two 
complete analyses from each heat and occasional check analyses 
from the sheet before and after annealing are usually sufficient for 
the purpose. 


(b) ExvecrricaL Tests. 


_ By far the most important tests are those to determine the 
hysteresis and eddy current losses, either separately or combined, 
the amount of these losses showing the electrical quality of the steel. 

Hysteresis Loss.—Hysteresis loss may be defined as the work 
done in reversing the magnetism in the steel, and it may be con- 
sidered as the molecular friction due to the reversal of the mag- 
netism, this friction manifesting itself as heat. The amount of 
hysteresis in a given steel varies with the composition, with the 
hardness, with the maximum induction at which the steel is worked, 
with the frequency of reversal of magnetism, with the wave form 
of the applied electromotive force used in the test, and with the 
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temperature of the test sample. The hysteresis loss is greater as 
a rule in hard steels than in soft steels. It varies approximately 
as the 1.6 power of the induction, and directly as the frequency. 
It is greater with a flat top or a sine wave electromotive force than 
with a peaked or a saw-toothed wave. 

Several instruments have been devised for measuring the 
hysteresis loss in steel. The Ewing Hysteresis Meter is probably 
the best known and most used. With this instrument, samples 
weighing only a few ounces are required for the test, the measure- 
ments being made at a fixed induction and the instrument cali- 
brated so as to read direct in some convenient unit. A complete 
_ description of this instrument and the method of its working may 
be found in the Journal of the Institution of Electrical Engineers 
(London), Vol. 24, page 398. Other instruments employing the 
same general principle or entirely different methods are available 
for measuring hysteresis loss, but as these may all be found in the 
text-books of the day their description will not be given here. 

Hysteresis measurements are valuable as showing the effects 
of annealing, but as it is very difficult in practice to separate the 
hysteresis loss from the eddy current loss, and as the total loss 
under working conditions is the point of vital importance to the 
user of the steel, measurements of hysteresis loss alone become, in 
general, of secondary importance. 

Eddy Current Loss.—By eddy current loss is meant the loss 
due to the circulation of electric currents in the sheets themselves 
and between adjacent sheets, due to the steel acting as a conductor 
in an alternating magnetic field. The eddy current loss varies 
inversely as the ohmic resistance, directly as the square of the 
induction, and decreases as the temperature increases. It is greater 
in thick sheets than in thin sheets, and is greater as the insulation 
between adjacent sheets is less. Tests for eddy current loss alone 
are difficult to make, and as far as the writer is aware, no instrument 
has been devised for this purpose. An approximation of the 
amount of eddy current loss in a given sample can be reached by 
measuring the total losses at different inductions and assuming 
that the eddy current loss varies as the square of the induction and 
the hysteresis loss as the 1.6 power of the induction. For special 
investigations the eddy current loss is sometimes calculated in 
this way, but commercially such tests are rarely considered. 
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The measurement of the total losses under working conditions 
gives the best index of the electrical quality of the steel. As the 
total loss is made up of the combined hysteresis and eddy current 
losses it is subject to all the variations of each as outlined above. 

Measurement oj Total Losses —In commercial routine testing 
as followed out in the sheet steel testing department of the Westing- 
house Electric and Manufacturing Company, of which the writer 
has charge, two separate methods, which may be designated as the 
transformer method and the armature method, have been found 
very satisfactory. In both these methods of testing, commercial 
conditions of operation have been aimed at in order that the results 
obtained might be checked with the tests made on similar material 
in commercial apparatus. The test samples have also been so 
chosen that they will be available for commercial apparatus later, 
this effecting a considerable saving of material where many tests 
are made. 

The transformer method has been so called for the reason that 
the test sample consists of about ten pounds of punchings of a 
standard transformer plate, these punchings being built up in the 
same manner as when used in the transformer. For convenience 
in handling and winding the test sample, a block carrying the coil 
has been devised, this block being split and the wires of the coil 
continued between the two parts by means of mercury cups and 
contacts. By this means, samples which are built up or plates 
which are not split may be used and placed on the testing block 
with the winding in place in a few seconds. The routine tests on 
such samples consist in measuring the total losses at a given induc- 
tion and frequency by means of a wattmeter. For special tests the 
induction, frequency, wave form, and the pressure on the sample 
are varied as desired. 

This test is used regularly for judging the quality of each lot 
of steel as received, for judging the quality of the annealing of each 
furnace load of material, and for determining the aging on all 
classes of material. From twenty to fifty tests per day are made 
on this apparatus by one operator. In making tests of this kind 
the wave form of the applied voltage must be known and should 
preferably be a sine wave; correction must be made for the copper 
loss in the magnetizing coil; correction must be made for the losses 
in the voltmeter and wattmeter, or these losses must be eliminated 
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in the measurements; the test samples must be at approximately 
uniform temperature. 

The armature method is so called for the reason that the test 
sample consists of standard armature punchings, which are revolved 
in a standard form of dynamo field. The measurements are made 
by means of a spring dynamometer. A photograph of a testing 
device of this kind is shown in Fig. 1,* and a detail drawing of the 


Fic. 1.—Sheet Steel Testing Device—Armature Method. Test 
Sample and Contact Device Shown in Position. 
dynamometer used for reading the losses is shown in Fig. 2. The 

general plan of this apparatus is as follows: 

A small variable speed, direct current motor has a shaft exten- 
sion on which the sample is mounted. The speed is read in terms 
of voltage across the terminals of a small magneto which is belted 


* Acknowledgment is made to the Iron Trade Review for the cuts 
used in this paper. 
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to the motor shaft and shown to the right in the photograph. The 
test sample is revolved in a field having specially wound field coils. 
and adjustable pole pieces. The extension shaft on which the 
sample is mounted carries a spring dynamometer with a special 
device for reading the deflection on this dynamometer when the 
sample is in motion. The sleeve which carries the sample is pro- 
vided with heavy flanges and is adapted to be placed in an hydraulic 
press, so that any desired degree of pressure may be reached and 
maintained on the sample during the test. 
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Fic. 2—Dynamometer for Measuring Armature Losses. 


The very unique spring dynamometer used in this device was 
designed by Mr. S. M. Kintner and deserves special notice. As 
will be seen from the drawing (Fig. 2), the hollow shaft C contains 
a spiral spring J, the inner end H being rigidly held to the shaft, 
while the outer end is fastened to the sleeve A on which the sample 
is mounted. The shaft carries a pointer E and the sleeve a cir- 
cular disc D approximately eight inches in diameter, graduated on 
its beveled face in a uniform scale to small divisions. In close 
proximity to the scale is placed a spark gap G, which is in series 
with the secondary of the induction coil S. The primary of the 
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induction coil is connected to a contact device on the motor shaft, 
the break point being exactly in line with the pointer E. Leyden 
jars are used across the secondary of the induction coil to cut down 
the duration of the spark. The scale and the pointer are shielded 
from the light of the room, and a tube F is provided for observing 
the scale and pointer at the exact angular position occupied when 
the spark passes across the air gap illuminating the scale and 
pointer for an instant at each revolution of the shaft. By this 
means it is perfectly feasible to read to a high degree of accuracy 
the deflection of the spring when the scale and pointer are both 
revolving at a speed of from 1,000 to 2,000 revolutions per minute. 
The bearing between the sleeve and shaft is nicely ground and well 
lubricated, so that there is practically no friction whatever when 
the test sample is in motion. The apparatus is calibrated by 
measuring the torque on the spring for an observed deflection. 
The loss in the sample is then measured in terms of torque and 
speed, reducing this, if necessary, to the ordinary units of watts 
per pound in the test sample. For comparative work this redue- 
tion is not necessary, 

By varying the field strength, the air gap, the form of pole 
pieces, the speed and the pressure on the sample, tests under a 
wide range of conditions are obtained. The windage may be 
measured by taking readings on the dynamometer with no current 
in the field. In special tests, complete curves are taken at varying 
speeds and field currents. In routine tests only a few points are 
taken. 

For convenience in handling the samples, which together with 
the sleeve weigh approximately 125 pounds, a special truck, shown 
in the foreground, Fig. t, has been devised, by means of which the 
sample can be carried about and very quickly placed in position 
on the testing shaft with a minimum amount of labor. 

The above apparatus is used for determining the quality of 
armature steel as received and the quality of the annealing. It 
forms a most convenient method of studying the variation in arma- 
ture losses due to varying conditions, such as pressure, insulation 
between sheets, variation in induction, variation in form of arma- 
ture slot, etc. The actual induction may be measured by means 
of a special coil slipped on the armature punching, the leads of 
which are brought out to a contact device mounted on the special 
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‘truck used for carrying the test samples. This device has been in 
constant use for several months and has been found so satisfactory 
that it may be confidently recommended to those desiring to make 
-similar tests. 

(c) TEsts FoR AGING. 


It was discovered about ten years ago that when sheet steel 
is annealed so as to have a low loss and then subjected to a tem- 
perature of from 80° C. to 100° C., the loss sometimes increases, 
in some special cases this increase being as much as Ioo per cent 
in ten days. Fortunately such cases are rare, and ordinarily the 
increase is small or there is no change whatever in the loss. 

As the aging depends on the kind of material used and on 
the heat treatment to which it has been subjected, it becomes very 
desirable to make regular routine aging tests on all steel used for 
electrical purposes. This is all the more necessary as it is prac- 
tically impossible to always get steel which has been subjected to 
identical treatments. These aging tests consist merely in repeat- 
ing the measurements for total losses at certain definite periods of 
time after the initial tests, the sample being subjected in the interim 
to the aging temperature. Tests after ten days and after thirty 
days in the aging oven usually give the necessary data for judging 
the quality of the material. For purposes of investigation, longer 
tests are frequently necessary, especially when the effect of tem- 
peratures lower than the regular aging temperature is desired. In 
the tests with which the author is familiar, aging tests are frequently 
run for six months or a year, and some special tests have been in 
progress for approximately ten years. 

The transformer samples are usually used for the aging tests 
on account of there being less material to handle and the tests being 
more easily made than with the armature samples. 

The aging oven used for these tests consists of a large wooden 
box covered on the outside with galvanized iron and lined with 
asbestos. Steam coils are located at the bottom and ventilators 
are provided at the top and bottom so that a slight circulation of 
air may be secured to equalize the temperature. Steam at 150 to 
180 pounds pressure is used for heating. The oven is divided into 
two parts, one of which runs normally at a temperature of very 
approximately 95°C. and the other at 60°C. to 65° C. These 
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temperatures are maintained year in and year out, and the oven 
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Fic. 3—Permeability Meter—Lamb & Walker Pattern. 
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usually contains from 100 to 200 samples which are undergoing’the 
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aging test. The temperatures mentioned were selected for the 
reason that the higher temperature is comparatively easy to main- 
tain and gives comparatively rapid aging when a material is found 
which is subject to aging, and the lower temperature represents 
very approximately the temperature at which ordinary electrical 
apparatus will run under normal working conditions. 


(d) Prermeaniurry Trsts. 


As stated earlier in this paper, the permeability of sheet steels 
used for electrical purposes varies over comparatively small limits, 
and the exact permeability of a particular sample is ordinarily not 
of great importance. It is not customary, therefore, to make 
routine tests for permeability. Occasional tests are advisable, 
however, and for this purpose a modified Permeability Meter, 
designed by Messrs. Lamb & Walker, and described in the Jour- 
nal of the Institution of Electrical Engineers (London), Vol. 30, 
page 93¢, is generally used. This instrument arranged for measur- 
ing solid material in the form of round bars is shown in Fig. 3. For 
measuring sheet steel, the form of the coil and sample holders is 
changed so as to take rectangular sections. Strips of steel to be 
measured are sheared to the proper dimensions and clamped in 
blocks made for the purpose, the measurements being made exactly 
as in the case of solid material. With this instrument a complete 
permeability curve with hysteresis loop may be taken in a com- 
paratively short time. The accuracy is not as great as with the 
well-known ballistic method, but it is sufficiently accurate for the 
purpose and the tests are much easier to make. 

The intention of this paper has been to bring before the 
Society some methods of testing which are in daily use and which 
have been found very satisfactory for the purpose for which they 
are intended. They are not laboratory methods as the term is 
usually understood, but they are capable of giving valuable results 
from an investigation standpoint, as the results obtained may be 
applied directly to commercial apparatus. It is evident that any 
work that can be done to reduce the losses in electrical steel and 
prevent aging when the losses are reduced will be of great value 
to all manufacturers and users of electrical apparatus. 


PERMEABILITY OF CAST: STEEL. 
By H. E. DILier. 


It was formerly thought that pure iron was more permeable 
than any of the commercial steels, or any special alloy which 
could be made with iron. This assumption has lately been dis- 
puted and the claim put forth that the addition of silicon, phos- 
phorus and aluminum to steel increases the permeability of the 
metal. However, at present it is the general rule among foundries 
making steel castings for dynamos and motors to try for about 
the following composition:—Silicon 0.10, Sulphur below 0.07, 
* Phosphorus below 0.07, Manganese below 0.05, and Carbon below 
0.10. 

In order to find out more about the effect of small quantities 
of the different elements on the permeability of cast steel I got 
a set of bars, the first of which conformed to the above com- 
position and each of the others varied from it in only one element. 
These bars were made with much care by the George H. Smith 
Steel Casting Company, of Milwaukee, who use the converter 
process. ‘There were two bars in each set and the results reported 
are in all cases the average of two bars. 

The values given are, I believe, absolute. They are at 
least relative. The bar and yoke method was used in making 
the permeability tests. The bars were one inch in diameter, 
and the mean magnetic path through the bar was 30 cm. long. 
The yoke was made of laminated steel, with a cross-section 4.5 
in. square. The secondary coil of eight turns was right next 
to the middle of the bar, inside of the primary coil of 1500 turns. 
The constant of the galvanometer was taken with a standard 
solenoid, having a primary coil of 739 turns and 160 cm. long. 
Its secondary coil had 500 turns. 

The reason for describing the method used for making 
these tests is that there is a great variation of results when com- 
pared to the curve of the Smith steel made by a Western univer- 
sity. These results differ so widely, especially at 1o H, that I 
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give them in the table. On the other hand my results on another 
cast steel checked within from 1 to 3 per cent of a curve made 
from that steel at an Eastern technical college. These variations 
would seem to indicate the advisability of not only a standard 
method, but if the bar and yoke method is used, a standard 
sized bar, yoke and standardizing solenoid. This Society could 
do a good work in formulating such standards. 

The following is a table of the results obtained in terms 
of H and B to the square centimeter. The normal bar shows 
as good as any bar of commercial steel I have tested, so in com- 
paring these results with those obtained by other methods it 
will be well to consider the normal bar as somewhat above the 
average dynamo steel. The analysis of the normal bar is:— 
Silicon o.10, Sulphur 0.06, Phosphorus o.c6, Manganese traces, 
Carbon 0.09. 


ro H. 20 H. | 4o H. 


Unann d.|Annealed.; Unann'd. Annealed, Unann'd.. Annealed. 
| | i 
College results of | | 
MOwNAly bar). +\)'13000))|, sence fem A Si OMe be <rayaral) DSe 700 Wp ta & 
Normal bar ....| 11,310 | 11,650 | 14,670 | 14,870 | 16,160 | 16,200 
Carbon'o.32 7..2| §8)750:|) “9,550 [ar 2,050 re, 9730: 54.440 | 14,860 
Carbon 0.43 .--.| 7,580| 8,620} 11,880 | 12,730] 14,440 | 14,870 


Manganese 0.43 | 10,810 | 11,580 | 14,080 | 14,690 | 15,710 | 16,100 
Manganese 0.65 | 10,280 | 11,270 | 13,590 | 14,440 | 15,460 | 15,960 
Manganese 0.95 9,660 10,700 | 13,020 | 14,040 | 15,170 | 15,730 
Silicon 0.43 ....| 10,960 | 11,710 | 14,160 | 14,760 | 15,920 | 16,150 
Silicon 0.54 ....| 11,590 / 11,890 | 14,220 | 14,550 | 15,660 | 15,900 
Phosphorus 0.17 | 11,330 | 11,910 | 14,190 | 14,630 | 15,660 | 15,950 
Phosphorus 0.27] 11,860 | 12,010 | 14,460 | 14,690 | 15,620! 15,920 
Aluminum 0.93 .| 11,660 | 11,890 | 13,880 | 14,140 | 15,190 | 15,410 
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The annealing increased the permeability in all the bars, 
especially in those containing a high percentage of carbon o1 
of manganese, but the increase was much the greatest at the 
lower densities. The increase of B in the normal was only 3 
per cent at 10 H and 1.3 percent at 20H. Probably in a heavier 
casting which would necessarily cool slower the annealing would 
have even less effect. 

The carbon and manganese as might be supposed have 
a very harmful effect on the permeability, but .43 per cent of 
manganese lowered B of the annealed steel only 1 per cent. 
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This seems rather strange in view of the strong effect manganese 
has in lowering the permeability of cast iron. 

Phosphorus, silicon and aluminum did increase the per- 
meability but only to a small extent at 10 H, while at 20 H and 
at 40 H the normal bar has a higher permeability than any of 
the other bars. In this connection of an increase at the lower, 
and a decrease at the higher densities an experiment made with 
cast iron may be of interest. 

A bar 17.75 in. long and 1.125 in. in diameter was heated 
and allowed to cool twelve (12) times, according to Mr. Outer- 
bridge’s recently published experiments. ‘The bar increased to 
18.25 in. in length and to 1.516 in. in diameter. The following 
are the B and H. values. 


ren, 30 H. 60 H. 
Before annealing—B....... 3,480 5,070 6,640 
After annealing—B........ 3,590 4,480 5,610 


The results given from the steel bars would indicate that 
a substantial increase in permeability can not be gained by 
additions of silicon or aluminum unless they are added to the 
extent of several per cent, and even then it is doubtful whether 
there would be an increase in permeability above 20 H. Con- 
siderably more than 2 per cent of phosphorus would be required 
to affect the permeability to a marked degree. But at least 
it seems safe to remove the upper limits for these three elements 
in specifications for cast steel for dynamo work, so far as their 
effect on the permeability is concerned. 


DISCUSSION. 


THE PRESIDENT.—Mr. Skinner’s paper is a fine illustration The President. 
of the statement so often heard, that the money is made in the 
utilization of what used to be thrown away. I am sure we are 
all astonished to know the amount of the losses mentioned by 
Mr. Skinner. I hope you will discuss the paper. 

H. H. Campsery.—The steel manufacturers are being con- Mr. Campbell. 
stantly called upon to make steel with low electrical resistance, 
and this paper sheds a little light on the subject, but I think it 
can be expressed more clearly. I should like to see something 
showing the effect of phosphorus, manganese, sulphur and carbon. 

In a steel of great conductivity these four elements should be low, 
but it may be extremely important to get one low and it may be 
of slight importance about the other, and the ability to raise the 
limit of one of the elements might make a great difference in the 
cost of material, or even with the possibility of producing it at all. 

The castings that have been mentioned show 0.07 per cent. 
phosphorus and 0.07 per cent. sulphur. ‘There is no necessity for 
such a large amount of phosphorus, and possibly the permeability 
would be increased by reducing the percentage. In the absence 
of definite information the steel makers are often unable to bid 
on work of this kind. 

Tue PresipENT.—If it is found that phosphorus is not (he President. 
detrimental in dynamo steel, and the questions of strength and 
brittleness are not serious, it would seem to be a very valuable 
point made, because of the well-known effect of phosphorus on 
the melting point. It will be much easier to get good castings 
with high phosphorus metal, than with low, on account of melting 
point. 

I should like to ask Mr. Skinner if he has any theory of the 
cause of the change which he has described as ageing. 

C. E. SKINNER.—I have no working theory. The phenomena mr. skinner. 
of ageing has been known and studied about twelve years. Ordi- 
narily one does not think of a metal like steel changing its quality 
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at a temperature slightly below the boiling point of water, but 
changes of too per cent. in quality in ten days at this temperature 
have been recorded. 

Ws. Kent.—I should like to ask if the microscope shows any 
difference between the aged steel and the other ? 

Mr. SKINNER.—] have been unable to discover any difference, 
because the sample we have to use for the electrical test is so large 
in comparison with that for the microscopical test that it would 
require almost an infinite number of tests to make an absolute 
check. It must also be remembered that we are dealing with a 
steel of very low carbon, and slight changes are difficult to follow 
in such steel. A difference in appearance between steels having 
high and low initial losses can be seen in the microscope, but so 
far not the change due to ageing. 

A. A. STEVENSON.—I know that a change does take place in 
certain steels if simply allowed to rest. We have found that in the 
case of tires, if they are allowed to rest for two weeks or more after 
they are made, and tests are then taken, there is a perceptible 
increase in percentage of elongation and reduction of area over 
tests made from the same tire within a day or two of its manufac- 
ture. 

Wm. Metcarr.—I have had no experience in making this 
kind of steel, but it comes to me very distinctly that some ten or 
fifteen years ago, a friend of mine who was engaged very largely 
in the manufacture of sheet steel for electrical purposes, was in 
considerable trouble. I suggested to him, knowing about how 
the tests were running, that I thought he would find the physical 
condition of the steel was of more importance than the composition, 
and that if he would carefully make experiments with his steel as 
to the way he rolled it and the way it was heated, and send his 
samples out to the electrical company, he might probably find out 
the best physical condition, by which he could get the best results. 
He told me some months afterwards that he had followed that out 
largely, and that the physical condition of his sheets did have a 
great deal of influence, and he had improved his product very 
greatly to the relief of the electricians. It seems that all difficulties 
have not yet been overcome. 

T. D. Lyncu.—With reference to the strength of steel castings, 
Mr. Diller’s paper impresses one with the idea that steel castings 
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used for electrical purposes do not require strength. I wish to Mr. Lynch. 
suggest that in my experience I have found many cases where 
strength was required, and I was somewhat surprised at 0.10 per 

cent. being given as the proper carbon for steel castings. 

One case may be of interest to illustrate: A large casting 
intended for the revolving field of a high-speed generator showed 
on test about 60,000 pounds per sq. in. tensile stréngth, 30,0co 
pounds per sq. in. elastic limit, and 18 per cent. elongation in 
2 inches. The carbon was about 0.20. All tests were hollow- 
drilled from the body of the casting. It might be of interest to 
add that this test could not be had at both top and bottom. Carbon 
0.20 at the bottom may mean 0.35 at a point three feet above, due 
to the large mass and correspondingly slow cooling allowing segre- 
gations. From the electrical side it is desirable to have manganese 
under 0.50, and phosphorus and sulphur under 0.04. However, 
there seems to be no serious magnetic troubles so long as the carbon 
is kept under 0.50 and the manganese under 0.70. If either one 
is higher than these limits the other must be correspondingly lower. 
It seems to obtain, however, that when we get the proper high 
tensile strength and sound castings the electrical qualities follow. 
That is to say, we must have enough section to get strength and 
rigidity, and then the electrical conditions happily take care of 
themselves. 

Mr. SKINNER.—On account of the fact that in ordinary mr. skinner.7y 
dynamo construction the reluctance of the air-gap is usually many 
times the reluctance of the remainder of the magnetic circuit, slight 
changes in permeability have comparatively little effect on the 
total reluctance of the magnetic circuit. 

It is also usually true that when sufficient amount of magnetic 
material is used, the physical strength is ample for the particular 
design. This may not be true of machines running at a very high 
speed. 

As far as the sheet material is concerned, the combined 
hysteresis and eddy current losses form the chief consideration 
in the selection of material for a given design. 

H. E. Dirrer.—In regard to the tensile strength of steel cast- mr. Diller. 
ings for dynamo and motor frames, I would say that in medium 
and small frames it is not necessary to pay attention to it, as a 
cross-section large enough for the magnetic path will be amply 
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strong. In larger frames it is a matter of cost whether to use steel, 
semi-steel or cast iron, and one of the latter is usually preferred. 
Rigidity being the main requisite, a semi-steel will give the required 
results with a cross-section only slightly larger than when cast steel 
is used. 

J. A. Kinxeap.—What is semi-steel ? 

Mr. DitierR.—It is a cupola product in which we try to keep 
the combined carbon below o.1 per cent., and the total carbon 
slightly below 2 per cent. 


SPECIFICATIONS FOR AIR-BRAKE HOSE. 
By Max H. WIcKHORST. 


Air brake and signal hose are items involving some little 
current expense to a railroad, the expenditures on the large railroad 
systems of the country running from $25,000 to $100,000 per year, 
and the matter is therefore of sufficient importance to deserve care- 
ful attention and close study. In 1898 an interesting and elaborate 
report on the subject of air brake hose was made to the Master Car 
Builders’ Association, which report was the basis for the present 
M. C. B. standard specifications for air brake hose. These speci- 
fications call for a hose 3 or 4 ply, to be made of.a good grade of 
rubber and canvas, canvas layers to be very strongly frictioned or 
cemented together and the inside rubber tube to have a very high 
stretch. About the same time the Burlington road desired to adopt 
specifications for air brake hose, and inspect shipments according 
to the specifications. It had been our experience and observation 
that the largest proportion of hose was rendered unfit for service 
due to external mechanical causes not having any necessary rela- 
tion to the quality of the hose. The function of air brake hose is 
to safely and successfully retain air under pressure without allow- 
ing leakage. This requires that the inner tube be made of fairly 
good grade of rubber without serious imperfections of continuity, 
that the canvas layers hold together reasonably well and that there 
be sufficient material or number of ply to endure hard outside 


“mechanical usage such as chafing, bruising, etc., without at once 
becoming too weak for safety. From our observations of the 
matter, the necessity was not clear of requiring such a high grade 
of rubber for the inner tube and for the friction layers between the 
canvas. Of course, other things equal, this very high grade of 
rubber would not be a disadvantage from the mechanical stand- 
point, but its effect is to very largely increase the price of hose, 
running from 25 to 40 per cent. 

Relation oj Laboratory Tests and Service Perjormance.—In 
order to get more definite and positive information on which to 
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base the specification, we determined to make some laboratory and 
service tests of several brands of air brake hose to determine, if 
possible, the relationship between ordinary laboratory tests and 
service performance. For this purpose twelve lengths, 22 inches 
each, of six different brands of air brake hose were obtained, and 
one length of each brand was retained to make laboratory tests 
to represent the original condition of the material. The other 
lengths were applied to suburban passenger cars, each length 
having a brass tag fastened to it, showing its individual number 
and the following marking: ‘“‘Test Hose No. Return to 
Laboratory, Aurora, Ill.” 

Samples were called in at intervals of six months and sub- 
jected to the regular laboratory tests. The laboratory tests were 
the usual ones, consisting of friction of can- 
vas layers, stretch of inside rubber tube, 
permanent set taken by rubber, bursting 
pressure and observations concerning the 
condition of the hose. The friction of the 
hose was determined by taking a section of 
hose 1 inch wide, placing it on a roller 1} 
inches diameter and attaching a 25-pound 
weight to a loosened end of the canvas. 
The friction was the time it took for the 
weight to unwind a length of 12 inches. The 
apparatus used is shown in Fig. 1. The 
stretch of rubber was determined by measur- 
ing the length to which 1 inch of the inside 
tube 1 inch wide would stretch before break- 
ing. The results recorded in this series of 
tests show this total length. This differs 
from the present method of making and ex- 
pressing results of stretch in that at present 
a length of 2 inches is used, and the stretch 
is expressed in per cent. Fig. 2 shows the 
apparatus we at present use for making the 
determinations of stretch. The apparatus 
used in getting the results here recorded 
differed somewhat in construction, but car- 
ried out the same principle. The permanent set was deter- 
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mined by first stretching the rubber to nearly its maximum 
length, releasing, and then placing gauge marks 1 inch apart 
on it. The rubber was stretched to nearly its maximum length 


Fic. 2. 


for ten minutes, released ten minutes, and the increase of 
length then measured, which is the figure recorded. The burst- 
ing pressure was determined in this series by means of water 
pressure, using a hand pump. The results obtained are shown 
in. Table 1. The bursting pressure, friction and stretch in 
this table are plotted in Fig. 3. This table and the plotted results 
show some very interesting points, and I believe will merit close 
study. It will be noted that the brands tested range in friction 
from 1 second to 40 minutes in the original samples, range in 
stretch from 24 to 7 inches in the original samples, and range in 
bursting pressure from 650 to 825 pounds per square inch in the 
original samples. 

The most striking point shown by the plotted results is that 
although some samples of hose had high initial friction, this fric- 
tion dropped very quickly, and seems to bear no relationship what- 
ever to the bursting pressure which the hose successfully maintains 
or the stretch of the rubber. These results seem to indicate con- 
clusively that as good service may be expected from a hose having 

_low friction and low stretch of rubber if the hose is substantially 
made, as from a hose giving high results in these two particulars. 


BURLINGTON SPECIFICATIONS. 


Having obtained results from these tests covering almost three 
years, the Burlington drew up specifications which were submitted 
to the various manufacturers for full criticisms and comments, and 
finally adopted their specification No. 15—A, dated October 1, 1902. 
This specification was afterwards slightly modified (although not 
to change the quality of the hose called for), as specification No. 
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“Priction” is length of time to unwind a section of hose 1” wide on a roller 1} 
“Stretch” is length to which 1” of the inside tube, 1” wide, will stretch befor 
“Set” is taken after 1” gauge length of inside tube is stretched ro min. to th 
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15—-B, dated October 31, 1903, to which hose is now being bought. 
Copy of this specification follows: 


CHICAGO, BURLINGTON & QUINCY RAILWAY COMPANY 
SPECIFICATIONS FOR AIR BRAKE AND SIGNAL HOosE. 


1. Air brake and signal hose must be four-ply and the inner tube not 
less than 3-32 inch thick. Each length must be 22 inches (variations of 
4 inch being allowed) and capped with rubber, vulcanized on each end. 
The wrapping must be frictioned on both sides and must have a distinct 
layer of rubber between each ply. 

2. The inside diameter of air brake hose must be not less than r} 
inches nor more than 1 5-16 inches, and shall have enlarged ends as fol- 
lows: For a space of 3 inches from the ends, the internal diameter shall 
be not less than 1% inches nor more than 1 7-16 inches. The inside 
diameter of signal hose must be not less than 1 inch nor more than 1 1-16 
inches, and shall have enlarged ends as follows: For a space of 3 inches 
from the ends the internal diameter shall be not less than 1 5-32 inches 
nor more than 1 7-32 inches. 

3. Each standard length of hose must bear label like the one shown 
below. In the left-hand space must appear the month and year of manu- 
facture, in the right-hand space the serial number and in the bottom 
space the manufacturer’s name. The figures enclosed are for use in 
marking the date of application and removal. The figures must be not 
less than 3-16 inch in height and stand in relief not less than 1-32 inch, 
so as to be readily removed by cutting without endangering the cover tube. 
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. 4, Air brake and signal hose will be ordered in lots of 200 or multiples 
thereof. Each lot of 200 must bear a manufacturer's serial number, com- 
mencing with 1 on the first of the year and continuing consecutively until 
the end of the year. For each lot of 200 hose ordered, 201 must be 
furnished. On receipt of a shipment one piece from each lot will be 
submitted to the following tests: 
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5. Bursting Test-——A section 3 inches long will be cut from one end | 
of the test hose and the remaining 1g inches will be mounted on standard : 
nipples and must stand an hydraulic pressure of 150 pounds per square 
inch, under which pressure it must not expand more than 3-16 inch in 
-diameter, and subsequently of 500 pounds hydraulic pressure per square 
inch for ten minutes without bursting. 

6. Stretching Test.—A section of the inner tube, 1 inch wide, will be 
stretched 300 per cent and then immediately released. Marks 2 inches 
-apart will then be placed on it, the rubber stretched 300 per cent, or so 
the marks are 8 inches apart, held for ten minutes, then released for ten 
minutes and elongation noted. The rubber must stretch 300 per cent 
for ten minutes without breaking, and must not take a permanent elonga- 
tion of more than } inch. 

7. Material failing these requirements will be re*ected and disposed 
-of as manufacturers may direct at their expense. 


For comparison I also give below the present M. C. B. 
standard specification for air brake hose: 


M. C. B. SPECIFICATIONS FOR AIR BRAKE HOSE. 


In 1901 the following specifications and tests for an air brake hose 
~were adopted as Recommended Practice. Advanced to Standard in 1903 

1. All air brake hose must be soft and pliable and not less than three 
-ply nor more than four ply. These must be made of rubber and cotton 
fabric, each of the best of its kind made for the purpose; no rubber sub- 
-stitutes or short fiber cotton to be used. 

2. Tube must be hand made, composed of three calendars of 1-32 
anch rubber. It must be free from holes and imperfections in general and 
must be so firmly united to the cotton fabric that it cannot be separated 
without breaking or splitting in two. The tube must be a high quality 
-of rubber and must be of such composition as. to successfully meet the 
requirements of the stretching test given below; the tube to be not less 
‘than 3-32 inch thick at any point. 

3. The canvas or woven fabric used as wrapping for the hose to be 
made of long fiber cotton loosely woven and to weigh not less than 22 
“ounces per yard, and to be from 38 inches to 40 inches wide. The wrap- 
yping must be frictioned on both sides and must have in addition a dis- 
tinct coating or layer of gum between each ply of wrapping. The canvas 
wrapping to be applied on the bias. 

4. The cover must be of the same quality of gum as the tube and 
must not be less than 1-16 inch to } inch. 

5. Air brake hose to be furnished in 22-inch lengths. Variations 
-exceeding } inch in length will not be permitted. Hose must be capped 
-on ends with not less than 1-16 inch or more than ¢ inch rubber caps. 
‘Caps must be vulcanized on, not pasted or cemented. 

6. The inside diameter of all 1}-inch air brake hose must not be less 


| 


WICKHORST ON AIR-BRAKE HOSE. 427 


than 1} inches or more than 1 5-16 inches, except at the ends, which are 
to be enlarged 3-16 inch for a distance of 2$ inches, the change from the 
smaller to the larger to be made tapering. 

The outside diameters must be kept within the following dimensions: 

The main part of hose 1 inches to 2 inches. 

The enlarged ends 2 1-16 inches to 2 3-16 inches. 

The hose must be finished smooth and regular in size as stated above. 

7. Each standard length of hose must be branded with the name of 
the manufacturer, year and month when made, and serial number, the 
initials of the railway company, and also have a table of raised letters at 
least 3-16 inch high to show the date of application and removal, thus: 


(LABEL.) 


The above gives outline of modification of label. Extension being 
on right-hand end. 

Each lot of 200 or less hose must bear the manufacturer's serial 
number, commencing at 1 on the first of the year and continuing con- 
secutively until the end of the year. 

For each lot of 200 or less one extra hose must be furnished free of 
cost for test. 

All markings to be full and distinct and made on a thin layer of 
white or red rubber, vulcanized and so applied as to be removed either 
by cutting with a knife or sharp instrument. 

8. Test hose will be subjected to the following test: 


BurstTinG TEsv. 


Test hose must stand for ten minutes a pressure of 500 pounds before 
bursting. Each hose must stand a shop test of 200 pounds. 


Friction TEst. 


A section 1 inch long will be taken from any part of the hose and the 
friction determined by the force and the time required to unwind the hose, 
the force to be applied at right angles to line of separation. With a 
weight of 25 pounds suspended from the separated end, the separation 
must be uniform and regular, and when unwinding, the average speed 
must not exceed 6 inches in ten minutes. 


STRETCHING TEsT. 


A 1-inch section of the rubber tube or inner lining will be cut out at 
the lapped or thickest part. Marks 2 inches apart will be placed on the 
test piece; it will then be stretched until the marks are ro inches apart, 
and released immediately. The piece will then be remarked as at first 
and stretched 10 inches, or 400 per cent, and will remain stretched for 
ten minutes. It will then be released and the distance measured between 
the marks ten minutes after the release. In no case must test piece show 
defective rubber or show a permanent set of more than } inch between 
the 2-inch marks. 
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Small strips from the cover or friction will be subjected to the same 
tests. 

9. If the test hose fails to meet the required tests, the lot from which 
they are taken may be rejected without further examination. If the test 
hose is satisfactory the entire lot will be examined and those complying 
with the requirements herein set forth will be accepted. All rejected hose 
will be returned to manufacturers, they paying freight charges both ways. 


It will be noted that the Burlington specification differs 
materially from the M. C. B. in the following particulars: 

First. We require no test for friction of canvas. 

Second. Instead of calling for stretch of 400 per cent., we ask 
for only 300 per cent. 

Third. We require four-ply, and do not allow three-ply hose. 
The bursting pressure is, however, about the same. 

In order to fully meet the M. C. B. requirements, as stated in 
my introductory remarks, a much higher grade of rubber is required 
in the inner tube and between the canvas layers than the necessi- 
ties of the case call for, resulting in an increase of cost to the rail- 
road company from 25 to 40 per cent, with apparently but little 
if any increased service from the hose. 

Statistics of Service Results—The Burlington road has been 
buying hose to its own specification since January 1, 1903, and in 

- order to have some fairly definite information as to the performance 
of specification hose, a record was started of all such hose removed 
from service. All hose removed from the C. B. & Q. R. R. Divi- 
sion of the Burlington System is shipped to the store at Aurora, IIl. 
When received here it is looked over by a laboratory inspector and 
record made of each length of hose on a card form 3 by 5 inches, as 
shown below: 


| AIR HOSE FAILURES. 
| 
| 


Class, 

Mos. Serv., 
Maker, Date Made, Serial No. 
In serv., Out serv., Rec'd at Lab., 


| <A. B. or Sig., 
| Description of failure, 


Instructions adopted for making this record and tabulation 
of the results are as follows: 
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Arr Hose FatLtures.—MerHops oF KEEPING RECORDS AND 
TABULATING STATISTICS. 


. For each sample of failed air hose received at the Laboratory or 
Rec, Store fill out a printed card 3 by 5 inches provided for the purpose. 
2. Hose failures should be classified as follows: 


Due to External Causes: Due to Quality of Hose: 
A—Torn apart. H—Defective inner tube. 
B—Chafed. I— K outer covering. 
C—Cut. J— x wrapping. 
D—Bruised at nipple end. K—Unclassified. 

E—Bruised at coupling end. 
F—Kinked. 
G—Unclassified. 


3. The cards should be classified in the file as follows: 

First—By periods of time, e. g., one year. 

Second—By maker. 

Third—By class of failure. 

Fourth—By months service, using periods of two months. For 
example, a hose giving three months service should be classi- 
fied as four months service. 

4. At the end of each year or such period as may be desired the 
statistics should be tabulated on a tracing made for the purpose. 


This record has been kept since October, 1903, and the results 
so far developed are shown in Table IT: 


TABLE ut 
| Tine 3 IN SERVICE. | 3 
—l3s| 8 
| Crass or FarLureE. “ culls 3 76 1 |xy. € e 
| |m.|m.|m.|m.] y. |2m jem 
‘ | A | Torn apart........ 9 Irj 12 6 4 42} 8.35 : 
, $ | B | Chafed. . 6 | 20] x7! xx 7 7 2) 70) 13.9 « 
et AO ba ne cients I 4 SM hak I 12} 2.38 8 
S | D| Hide atdipniaesdl 29 64] 46) 24] 35 3 xr | 182] 36.2 Ps te 
é |= Bruised at coupling | Se 
8 end We wal ead! Gest) ant 5 6 2 46) 9.13 oe 
As Wy | ashlee. ue cen I 8] gx] ar] x35 34.cc) 99) tee4 mom 
4 |G) Unclassified 8 | ro Se ie 4 SoC] 33] “Oe Rs 
| i 
x) VHGr Snneritubes: sec cedae cic ete eece lea te otal ose | eabeee 3 2 
Ba / 1} Outer covers... os eee 9! 4 6 2 54:16, 75 ee 
‘a J Wrapping .cno.nceawle es ato ses I Kojvsealeeeeieees| 2] 539 $¥ 
a |= Unclassified ....... 0, tN ee FS ol ae ak ores Pesca lee rd ee stot Mr oy fy 
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This record is as yet too young to be entirely satisfactory, but 
it seems to show fairly clearly that the great bulk of hose is removed 
on account of being rendered unfit for service by external mechan- 
ical causes, apparently largely due to abuse by trainmen. For 
instance, failures due to Class A, “Torn Apart,” are undoubtedly 
largely cases where the brakeman has failed to uncouple the hose. 
Failures due to Class D, “Bruised at Nipple End,” show 36.2 
per cent. ‘These apparently are also cases where the brakeman 
fails to uncouple, or finds the angle-cock hard to turn’ and 
uses his heel or a piece of iron and accidentally hits the hose 
at the nipple end, bruising and weakening it at this point. Where 
hose fails due to material giving out, it is almost always due 
to unwrapping of the outer covers. This apparently would 
argue for high friction, but it will be noted that the percentage 
of failures from this cause is not great, and as shown above, even 
where hose has high initial friction, this quality is short-lived. 


Friction oF Hose. 

In order to determine how long a sample of hose retains its 
friction when kept without being put into service, we retained 
samples in the laboratory as shipments were inspected, making 
determinations of friction, stretch of rubber and set of rubber at 
intervals of three months. The results of the determinations of 
friction are shown in Table ITT: 


TABLE III. 
FRICTION. 
25 pounds unwinds 12” in 


SAMPLE, 
Original. 3 months. | 6 months. 9 months. 12 months. 


Meio & yo’ Bans” ry! 4” 
Ene rece e Sa: 4 hrs. 4 hrs. ry! Lie 
Bie Na she ay 20" ro” “ee 
"ta Aare eee { 2hrs. 25’ Shy iS" 
Rates ie aie oso" tie Me 2” 
Qions,: cents 6 ge? r’ 20” 40” ta” 
/ aoe eo a4 4o0"" 
Boek: cone eas 13’ 4’ 40” 
Ossie anes ¥ Sr 26” 

, ” 


Rost A eete 45’ 10’ 7 
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From this it will be noted that all the samples show a loss of 
friction after three months; most of them losing almost all friction 
in six months, although in some cases the friction is retained some- 
what more persistently. 

In this connection it will probably be of interest to include 
some figures as to the amount of hose used per car per year, com- 
piled by Mr. G. G. Yeomans, Purchasing Agent of thé Burlington 
road. Mr. Yeomans first obtained figures from the purchasing 
agents of a number of roads whose climatic conditions were about 
the same as the Burlington, of the number of feet of hose bought 
exclusively for repairs covering a period of two years. He also 
obtained independently from the mechanical departments the 
average number of all classes of air brake equipment covering 
passenger cars, locomotives, freight cars, etc. From this he 
has figured the number of feet of hose used per car per annum for 
repairs. These roads were using different qualities of hose, and 
the results are shown in Table IV: 


TABLE IV. 
Road. | Price of Hose. Feet per Car per Year. 
Birlineton lc fic. aoe | Medium... ©... 60% ...2+.00- 1.47 
INGaat tere: notation w ult, tA Wee dita, iat fy snszs seneave pss Teese 
ISOMER weveecc\acsiv sts 5 Stents ER Shp niced | asker e ef ae teaee 1.30 
DROS Q ae hc ek ark od Cheapest 1. Wek gaat. aaas 
INGA GIs ceili soeees Part cheap—part medium .. 1.85 
NOU We Sos aati ges Shs Cees A ichscl tant isco ois 2.14 


From the above table, it would seem that while hose cheap in 
price is dear in net results, on the other hand, hose high in price is 
likewise not the most economical. 


The President. 


Mr. Smith. 


Mr. Voorhees. 


Mr. Bunnell. 


DISCUSSION. 


Tue PREsIDENT.—This specification is really a contribution. 
Everybody knows that hose is a single tube of rubber surrounded 
by alternate layers of ply and rubber. You will have noticed in 
the specification that adhesion is mentioned, and the question 
arises, what is the value of the adhesion? It will be evident that 
if the inner tube from any cause allows the air to pass through, 
the adhesion between the ply and the rubber becomes a most 
important element, since the adhesion is all there is to hold the air 
in. The tendency is for the air to work between the ply and the 
rubber next to it, going round and round, until it finally reaches 
the outside, and the hose is useless. 

H. E. Smrira.—One thing that has impressed me in the hose 
specifications is that there is nothing, or very little at any rate, to 
show the durability of the rubber, except by inference, when it is 
new. This study of Mr. Wickhorst has shown what the actual 
facts are with old hose, but how shall we determine in advance 
what they will be with new hose? It seems to me that some test 
other than the stretching test might be desirable, and perhaps 
something like our accelerated tests for cements. In our labora- 
tory we have tried a few experiments in the way of heating the 
hose and then making a second stretching test. It is too early 
to speak of any specifications in that line, but the results so far 
show that a good quality of hose after being heated in dry air for 
eight hours will still stand stretching test to six inches, and about 
the same effect is obtained by heating in steam for twenty-four 
hours. Possibly in the long run this particular test may prove to 
be worthless, but something to that end is needed. 

S. S. VoorHEES.—Does experience in testing hose show that 
the reclaimed rubber will not stand the prescribed physical tests, 
especially the stretch and permanent set tests? 

F. O. BuNNELL.—It has been my experience in making the 
stretching tests of rubber in which there is a considerable amount 
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of reclaimed rubber, that the elongation is considerably less and Mr. Bunnell. 
the permanent set considerably greater. 
ROBERT Jos.—I noticed in Section 5 of the bursting test that Mr. Job. 
500 pounds hydraulic pressure per sq. in. for ten minutes without 
bursting is specified. Ordinary pressure on hose averages perhaps 
a hundred pounds to the square inch. I should like to ask whether 
it has been the general experience that this pressure test of 500 
pounds is desirable, or whether, if 400 pounds is specified, we 
might not get a more pliable hose, and one which would stand 
more bending before final failure? 
The reason I raise this question is that in the course of our 
tests some of the manufacturers have claimed that by using hose 
made of somewhat lighter and coarser weave, better final results. 
would be obtained, and that the hose made of looser weave of duck 
would be less liable to crack than that made of closer weave. The 
hose would be four-ply in either case. 
W. C. Du Comps, Jr.—TI should like to ask Mr. Job about Mr. DuComb. 
~ what ounce duck is used for air-brake hose. 
Mr. Jos.—Twenty-two ounce. Mr. Job. 
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THE EFFECTS OF PRESERVATIVE TREATMENT ON 
THE STRENGTH OF TIMBER. 


By F. A. Kummer. 


In presenting these notes on the above subject, the writer 
feels that a certain measure of apology is due, for his failure to put 
the subject before you in the form originally intended. This 
failure arises from the inability to complete, prior to this meeting, 
a comprehensive series of tests upon the results of which the paper 
was to have been based. 

It may be stated in advance, that the writer has for a number 
of years been engaged in the preservation of timber from decay, 
with especial reference to the production of wood paving blocks, 
possessing great durability under heavy traffic. The attempts 
made to successfully solve this problem have brought out some 
results which should be of interest to all users of timber. 

There has been considerable confusion in the past as to the 
effects of different preservative treatments on the strength of tim- 
ber, it being claimed that both the methods employed in preparing 
the timber for treatment, and the nature of the preservative 
employed, modify materially the strength of the wood. Little 
or no exact knowledge on this subject, however, has been secured, ; 
and it was in the hope of arriving at some results in this direction i 
that the tests above mentioned were undertaken. : 

4 
| 


The work proposed consists of a series of tests made upon 
paving blocks, but in getting the necessary samples from the South 
they were unfortunately lost for a considerable period in shipment, - 
and hence no results could be obtained which were sufficiently 
complete to place before you. The writer is, therefore, obliged 
to merely outline the nature of the work, in the hope that at a sub- 
sequent meeting, or possibly in time for the annual publication of 
the Society, the complete figures may be in shape for presentation. 

The tests which the writer has under way are all being con- 
ducted upon long-leaf Georgia pine cubes, four inches square. 
In the first place these cubes have all been taken from timber as _ 
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nearly identical in weight and general characteristics as possible, 
coming largely from the same logs, these logs being selected so that 
only butt timber is used. All this timber has been bled. Only 
butt timber was selected because of the well-known variation in 
the strength of timber depending on whether it is taken from the 
butt or the top of the tree. The tests comprise, first, tests as to 
the absorption of moisture—this being determined by carefully 
drying the timber for a period of 24 hours at a moderate tempera- 
ture of 110° F. and then immersing in fresh water at 70° for a 
period of 24 hours. The second line of tests was first intended 
to be for crushing, but it was at once realized that tests of this 
nature result in the rupture of the entire block, this rupture depend- 
ing largely upon the physical condition of each individual block 
and not representing anything like the actual conditions met with 
in practice, where each block is firmly supported by those sur- 
rounding it; it was, therefore, determined to make a cubical box 
with adjustable sides in which each specimen could be firmly held 
during the test, and instead of subjecting these specimens to crush- 
ing, to force into them along the line of the fiber a die of 1 square 
inch in area for a distance of }ofaninch. The die is so arranged 
with a proper shoulder that it is forced into the timber exactly } of 
an inch in the case of each specimen, so that readings of the number 
of thousand pounds required to effect this penetration in each case 
would give fairly good comparative results. Is is not of course 
claimed that this method of testing reproduces in any way actual 
conditions, but in the opinion of the writer such results should 
show with a considerable degree of accuracy the relative value of 
the various blocks. 

In conducting these tests the idea is to start with 100 identical 
blocks. Ten of these would first be tested as follows: five for 
absorption of moisture, and then all ten as just described above. 
It will thus be seen that the results secured would be not only the 
absorption of moisture and the penetration of the die, under pres- 
sure, but also the penetration of the die upon blocks which had 
absorbed moisture, it being proposed to conduct the tests with the 
die immediately after the absorption tests. 

After carrying out this program on the ten samples just as cut 
from the log it was then proposed to take a second ten and from 
these extract, so far as possible, all of the moisture, sap, volatile 
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oils and resin, this being done by a somewhat different method 
than that usually employed in treating timber, which method 
utilizes somewhat higher temperatures, and removes a much 
higher percentage of these materials from the wood. In fact the 
temperatures used are so high that the question has been raised 
as to whether or not the heat used injured the fiber of the wood for 
paving-block purposes. 

It will thus be seen that the tests upon the second lot of ten 
blocks would show, as in the case of the first lot, the absorption of 
moisture, the resistance to the entrance of the die, and the resist- 
ance to such entrance after this wood, relieved of all of its resinous 
material, had been allowed to absorb moisture for 24 hours. In 
this connection it may be stated that tests by the Bureau of Forestry 
have shown a difference of almost 100 per cent between the cross- 
breaking strength of timber full of moisture and of timber com- 
pletely freed from the same. It will readily be perceived that the 
absorption of moisture by paving blocks has a very direct effect 
upon the durability of such blocks. The usual specification for 
blocks of this character to-day calls for an absorption, after 24 
hours’ immersion, of not to exceed 3 per cent. 

The third lot of ten blocks will then be tested after treatment 
with dead oil of coal tar, the treatment being carried to completion, 
so that all parts of the block are thoroughly saturated, which 
requires about 22 pounds of material to the cubic foot of wood. 
The preparatory treatment of these blocks is the same as that used 
on lot No. 2, in fact the tests are carried forward progressively from 
the start. Tests on this lot will show to what extent thoroughly 
creosoted wood will absorb water, and to what extent, if any, the 
fiber of the wood is softened either by the oil or by the nature of 
the preparatory treatment. 

Without taking up much more of your time, it will suffice to 
say that a fourth lot of blocks will be similarly tested after being 
thoroughly treated, with a creo-resinate mixture composed of equal 
parts of dead oil and melted resin. It is believed that the incor- 
poration of the resin with the oil greatly increases the waterproof 
qualities of the wood and, by solidifying in the cells, makes the 
wood harder and denser, and therefore better able to withstand 
abrasion or crushing. Incidentally it is also supposed to prevent 
the evaporation of the volatile parts of the creosote oil. 
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Other series of tests will be conducted on blocks treated with 
varying percentages of creosote oil and resin, and will also probably 
include tests on blocks treated with resin alone, as well as tests on 
blocks treated by that modification of the creosoting process known 
as the Ruping process, which has just been introduced into this 
country from Germany, and in which the writer is informed the 
Atchison, Topeka and Santa Fe Railroad is taking a great interest. 
This process, in a few words, consists, first, in filling the pores of 
the wood with creosote oil and then removing from 70 to 80 per 
cent of it, it being claimed that only so much oil is necessary in the 
timber for efficient preservation as is necessary to coat the cell 
walls. 

The writer fearing that under these circumstances the oil 
would be removed from the timber by the action of air and moisture, 
it is also proposed to make tests upon blocks and also cross-breaking 
tests upon cross arms, which, after being treated in this manner, 
are given a surface treatment of pure resin, sealing up the pores for 
say a distance of 4 inch and effectually preventing the entrance 
of moisture and air. It is not claimed by its owners that the 
Ruping modification is valuable for paving blocks, but it affords 
a very cheap method of treating railroad ties if satisfactory. It is 
the opinion of the writer that for this work the surface coating of 
resin would be of value not only in retaining the extremely diffused 
body of oil in the wood and preventing the admission of air and 
moisture, but also, by very materially hardening the surface of the 
timber, reduce the danger of rail cutting. 

The writer is far more interested in the question of specifica- 
tions and methods for producing paving blocks of extreme perma- 
nence and durability, than in the question of railroad ties, but in 
‘his opinion, the great solution of the problem of the treatment of 
timber, and more particularly of yellow pine timber, lies in the 
possibility, not of cheapening the process employed, so much as in 
the possibility of reclaiming from the wood, during the preparatory 
treatment, products of such value that the whole cost of the entire 
operation is thereby materially reduced. 

Mr. Page, at the meeting of the Committee on Standard Tests 
for Road Materials, also suggested to the writer the making of 
abrasion tests with the Doré machine, now being tried in Washing- 
ton, for which tests the writer has arranged to supply samples. 
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The subject of this paper is a very broad one, too broad, in 
fact, to be treated in any one paper, or by any one series of investi- 
gations. It would extend to all kinds of timber, for a wide variety 
of uses, and to all kinds of preservative treatments. The writer has 
for the present confined his investigations principally to one com- 
mercial form of Georgia pine, namely, paving blocks. To many 
of you whose lines of work do not extend to street paving, the 
knowledge that wood pavements have become standard pavements 
for heavily traveled streets, and that their manufacture and use 
comprises a large business, will perhaps come as somewhat of a 
surprise,—yet such is the case, the pavement having been specified 
for such notable structures as the Williamsburg and Blackwell’s 
Island bridges between New York and Brooklyn, and used in large 
quantities on heavily traveled business streets in most of our larger 
cities to-day. New York City is at this writing asking for bids on 
over $100,000 worth of such pavements, while even smaller cities, 
such as Minneapolis, Minn., ask for bids on such large quantities 
as 50,000 square yards at one time. This, of course, refers to 
carefully constructed pavements of well-treated blocks on concrete 
foundations, costing in many cases double as much as asphalt. 
The writer mentions these facts for the purpose of emphasizing the 
fact that tests and investigations of this form of pavement are daily 
becoming more necessary not only for the benefit of the consumer 
but for the producer as well. 


‘ 


RESULTS OF AN INVESTIGATION OF CERTAIN 
STRUCTURAL PAINTS. 


By RoBert Jos. 


In a paper read before the Franklin Institute last February 
and to appear in the July issue of the Journal of the Institute we 
gave the details of an investigation to determine the causes of differ- 
ences in durability of three standard bridge paints used upon the 
lines of the Philadelphia and Reading Railway for over ten years. 

Each of the three paints consisted of about 22 per cent sesqui- 
oxide of iron with about 78 per cent of an inert base of clay and of 
varying proportions of hydrated sulphate of lime, the pigment 
being ground in paste form in pure raw linseed oil and thinned 
for use with raw linseed oil and a little standard japan. One 
of the paints, No. 12, gave excellent service, while another, No. 
8, had only about half the life of No. 12 under identically the same 
conditions. 

As a result of the investigation it was found that the essential 
difference lay in the relative fineness of the pigments,—in No. 12 
the particles were exceedingly minute, whereas in No. 8 they were 
comparatively coarse. The former contained ro per cent hydrated 
sulphate of lime, and the latter 64 per cent. 

We also worked out a method by which the difference in fine- 
ness could be readily detected, and shipments held to the quality 
of the No. 12 paint, our method being to mix four parts by weight 
of the paste with ten parts by weight of pure raw linseed oil, place 
a few drops upon a clean, dry glass slip, and stand vertically at a 
temperature of 100° F. for one hour. Under these conditions there 
should be no separation of pigment from oil, no material fading 
from the original shade, and no feeling of grittiness under the 
spatula. 

The No. 12 paint passed this test readily, while the No. 8 
paint showed a very marked separation of pigment from oil and 
an almost complete fading of color upon the glass after the test. 
In other words, the pigment in the No. 8 had largely dragged down 
from the glass, leaving little more than a film of oil. 
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These results naturally led to a study of the different pigments 
and paint materials which could be used to best advantage in 
building up a paint having the properties found in the No. 12 paint, 
and during the past six months we have devoted a considerable 
amount of time to further study of these pigments. The results 
which have been obtained have proved very clearly that it is a 
matter of extreme difficulty for the manufacturers to take a rela- 
tively coarse pigment of the desired composition (e. g., 25 per cent 
sesquioxide of iron and 75 per cent of inert material) and attempt 
to bring it by milling after mixing with oil to the degree of fineness 
specified above. 

As a case in point we may cite a paint made up of ochre with 
a considerable proportion of sulphate of lime in paste form with 
raw linseed oil. With such pigment our experience has been that 
even repeated grindings in the mill will not suffice to reduce to the 
degree of fineness necessary to ensure efficient service, the reason 
being, apparently, that sulphate of lime is naturally of a granular 
character, and when grinding with oil is attempted, the viscosity 
of the oil is sufficient to keep the stones from coming into close 
contact, and as a consequence, but little actual reduction in size 
of the particles of pigment results after a given degree of fineness 
has been obtained. Therefore repeated milling of such material 
merely adds to the cost of production, and causes little improve- 
ment in quality. As stated by Dr. Dudley in the discussion of 
the above paper, pigments can be made fine in the dry condition 
(z. e., without oil) much cheaper than after mixing with oil, and 
our experience has been that very much the best results can be 
secured by use of a very finely floated paper clay as the inert 
material, for the reason that the particles of such material are 
very minute,—very much finer than can be secured with a coarse 
pigment by the most rigorous milling with oil,—and in building 
up our iron paints we prefer to have the largest possible propor- 
tion of such base, or of other inert pigment made equally fine by 
floating, or by milling before addition of oil,—if so desired. We 
have also found that excellent fineness is commercially obtained 
in dry pigments high in sesquioxide of iron contents, and some 
such pigments will pass our fineness test when merely mixed with 
the proper proportion of raw linseed oil without any milling, and 
we have also found that an iron pigment which is relatively low in 
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iron and which contains any considerable proportion of free silica 
is exceedingly difficult to get into proper condition of fineness unless 
by floating or perhaps by dry grinding, the cause evidently being 
due to the well-known difficulty of fine grinding of silica owing to 
its hardness. 

Our advice, then, in the manufacture of these inert paints is 
to use enough finely ground iron pigment relatively high in sesqui- 
oxide of iron, to give the desired color and good covering proper- 
ties, say a total of 25 per cent sesquioxide of iron, and to have 
the remainder of the pigment composed as largely as possible of 
the finest floated paper clay. Such a combination, if properly 
ground with raw linseed oil in paste form and thinned for use with 
raw linseed oil with addition of a little japan of good quality, gives, 
according to the teaching of our service results, a high efficiency 
in protection of structural work, combined with relatively low cost 
of material. 


The President. 


Mr. Job. 


Mr. Thompson. 


DISCUSSION. 


THE PRESIDENT.—In regard to the test for fine grinding 
mentioned by Mr. Job, we have found in our experience that a 
little water mixed with the paint makes the greatest possible dif- 
ference whether the material stands test or not. Hundreds of ship- 
ments have been tested in our laboratory which would not stand 
test as received, but which would stand test if a single drop of 
water was mixed with the paint and rubbed up with it. Accord- 
ingly we have modified the test for fine grinding, and now test by 
separating the pigment from the oil, drying it thoroughly, and 
then mixing it with oil in the proper proportions, which oil has 
also been deprived of its moisture. In this way the test is absolutely 
reliable, if we can trust our experience. 

RoBeErt Jos.—In making these tests I separated the pigments 
and mixed them with pure raw linseed oil in proportions of three 
parts by weight of the pigment to eleven parts by weight of the 
oil, which proportions correspond to four parts by weight of the 
paint in paste form to ten parts by weight of oil. In making this 
test it is well to add the oil before the gasoline has been entirely 
evaporated, in separating the pigment from the oil, in order to 
prevent drying of the pigment in hard lumps which are difficult to 
break up with the oil. 

The presence of water in the paint does not aid the material 
to pass the test since at the temperature of roo° F. the water 
quickly evaporates. 

G. W. THomprson.—I should like to ask Mr. Job a few ques- 
tions, if I may be permitted, in regard to his tests. He makes no 
mention in his paper of the amount of pigment present in either 
of the paints referred to. ‘This, it seems to me, is a very important 
thing. Of course, if you have a coarse pigment and a fine pigment, 
and these pigments are mixed in the same proportion in the vehicle, 
the coarse pigment would tend to fall out of the vehicle; and yet, 
on the other hand, if the relatively coarse pigment were mixed 
with less vehicle, it might be applied and have entirely different 
protective qualities from what it would have if it were mixed with 
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more vehicle. Mr. Job refers to tests, using three grains of Mr. Thompson. 
pigment and eleven grains of oil. Of course, while this is all right 
as a test for fineness, yet it proves nothing directly as to the pro- 
tective character of the pigment, because when he comes to paint 
with it, the practical painter will probably mix that paint in the 
proportion suitable for application. He will put more vehicle 
with the fine than with the coarse pigment, and therefore the per- 
centage of pigment comes in question again. Mr. Job has said 
nothing about the conditions to which the paint is exposed, 
except that he mentions that they were exposed to the same con- 
ditions. I think it would be instructive for him to state the con- 
ditions to which they were exposed. With respect to this test for 
fineness: We know that there is a great deal yet to be learned 
about linseed as a protective coating and paints generally, and 
there are lots of things in linseed oil which paint grinders find 
themselves up against continually. There is such a thing in 
grinding as what they call surface tension, which cannot be ex- 
plained. Grinders may have two oils that, as far as they can 
see, are chemically identical; yet, one will mix with a batch of 
pigment taking seventeen gallons, and the other oil will mix with 
a batch of that same pigment in the proportion of twelve, thirteen 
or fourteen gallons. I simply mention this as an illustration. It 
might possibly have some bearing on Mr. Job’s tests, because 
the pigment itself may change the surface tension of the oil and 
the coherence of its particles. 

I should like to add a word or two more, but I think perhaps 
if Mr. Job will reply to these inquiries at this time it will be of 
interest. : 

RoBERT Jos.—As regards the percentage of oil in these paints mr. yop 
T can state that both paints contained closely the same proportions. 
Also, in mixing the paint paste for service, the same batch formula 
generally was used. Under these conditions the No. 12 paint was 
slightly thicker than the No. 8, and consequently the No. 12 paint 
contained a slightly greater proportion of pigment than the No. 8 
paint. E 

So far as the conditions of application are concerned, the 
paints were applied to our bridges, both steel and wood, all over 
our lines for a period of about ten years. That means, of course, 
that we had practically every kind of exposure and conditions that 
can be imagined. 


Mr. Job. 


Mr. Thompson. 
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No. 8 was of a reddish color, and the main body of the bridge 
was painted withit. No. 12 was ofa green color, and was used as 
a trimming color on different parts of the same bridge. The two 
were used all through the structures in all sorts of different loca- 
tions, and were thus brought into as intimate relations as could be 
possible. Also, we found the relative service values all through 
the different structures. In the case of No. 12 paint there were 
generally good results, and with the No. 8 poor results, right side 
by side on the same bridge. 

As far as the matter of surface tension is concerned I cannot 
say anything. Ido not know exactly what the effect would be. 

Mr. THompson.—In reference to the fineness test, while it 
would work with paints peculiarly known as inert pigments, it 
would not work with red lead, because that contains some litharge- 
This question of fineness is an exceedingly important one. It 
seems to me that the physical character of a pigment and its fine- 
ness have more to do with its qualities than does composition. 

I derived much benefit and instruction from a series of articles. 
which Dr. Dudley wrote and published in the Railroad Magazine 
twelve or thirteen years ago. If I remember correctly, one of his. 
points was that the pigment protects the oil. He furthermore 
advanced the proposition that the greater the percentage of 
pigment, within certain limits, the greater the protection of the 
paint. Now, however, we are told that the finer the pigment the 
greater the protection. But the finer the pigment, the less pigment 
you can put in your paint, and the coarser, the more you can put 
in it. Consequently, if we say that the finer the pigment the 
greater its protective quality, we must add these words, it seems 
to me, “consistent with proper application, proper covering, and 
proper working qualities.” We can go too far in the fineness of 
the pigment. That is the case with zinc. It is so fine that we 
cannot use it by itself, but by putting a comparatively coarse 
pigment with it it can be used. Consequently, the statement that 
the finer the pigment the greater the protection should be qualified. 

Slowness of drying is an advantage, in that the drying of paint 
is in itself a destructive operation. Dryers are destructive agents, 
and the less dryer you put in, the less the destructive agency, and 
the slower the drying, the slower the decomposition of the paint 
will be. 


PRESERVATIVE COATINGS FOR IRON AND STEEL. 
By Cyrit DE WYRALL. 


The most essential point to be considered in specifying 
preservative coatings for iron and steel is the fact that different 
conditions require different treatment. The coating, which is 
efficient where the steel is exposed to pure air and sun, will not 
answer in such places as train sheds or subways; and vice versa. 
I do not believe that any coating has yet been found that will 
withstand the action of two opposite sets of elements, such as will 
be found in the open air, on the one hand, and in a subway, on 
the other: as well expect asbestos to withstand water as effectively 
as fire. 

I had charge of the time-tests of the different materials sub- 
mitted for the New York Rapid Transit Subway, and, while I 
know that several were good preservatives for steel above ground, 
all of them were dismal failures as preservatives in the subway. 
Nearly all of them had as a vehicle linseed, or some other vegetable 
oil, which in a short time saponified owing to the action of the 
atmosphere, and rendered the pigment worthless as a coating. 
The same thing will apply to a train shed in a greater degree. 
I have taken strips of paint from 19 to 16 inches long and 3 inches 
wide from columns, in single pieces, the paint on the surface 
being apparently sound, and the under surface, that next to the 
steel, having a rust scale of from 1-32 to $+ inch thick. These 
* columns were sandblasted in the field, then coated with red lead 
and linseed oil. After erection they were cleaned and scraped 
with steel scrapers, then thoroughly brushed with wire brushes, 
coated again with red lead and linseed oil, and finally with a coat 
of white lead and linseed oil. All of the ingredients were analyzed 
before being used, yet with all these precautions the conditions 
above mentioned developed in less than a year and a half. In 
this respect the value of a chemical analysis is nil, that is, to 
determine the efficiency of a coating; nor can any comparative 
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chemical test be made that will give any definite idea of what 
different coatings will do under actual conditions, because no such 
test contains all the elements that unite to destroy the efficacy of 
the coating. 

A careful study of the causes of the failure to preserve, of 
the different “preservatives,” led to the adoption of a paint in 
which a bi-product of petroleum was used as a vehicle, this being 
the only one to stand the test successfully. For enclosed steel, or 
for steel exposed, under cover, to dampness and foul air, away 
from the action of the sun, I do not think that a better preservative 
has yet been found than that in which a vehicle of a petroleum 
nature is used, for the reason that it will not saponify; nor does 
it dry hard except on the surface. Such a vehicle is practically 
worthless by itself for open-air work, as the action of the sun seems. 
to disintegrate it; but mixed in certain proportions with other oils 
it makes a fairly good preservative coating for above-ground work. 

Where the color is not objectionable, I have found that a 
paint made of the tar residuum of petroleum mixed with some of 
the lighter oils (petroleum products) is the best preservative for 
train-shed steel. It is impervious to the action of the gases caused 
by locomotives, one of the most destructive enemies of paint. And 
what impressed me very forcibly, was the fact that where there 
was an abrasion of the paint and the exposed piece of steel was. 
rusted, the rust did not extend any further than the exact line of 
the abrasion, a circumstance not found in the general run of 
preservatives. 

The pigment used, provided it is inert, makes but little 
difference. I have found equally good results from using a good 
oxide of iron in one case; a mixture composed of white lead 30 
per cent, yellow ochre 25 per cent, barytes 40 per cent, lampblack 
5 per cent in another case; and venetian red 60 per cent, yellow 
ochre 30 per cent, lampblack ro per cent, in another case, using 
the same vehicle. After two years trial I fail to find any material 
difference in the preservative qualities of either. While the coatings 
mixed with linseed, or other vegetable oils, after being exposed less 
than a year, became dry and porous, allowing the moisture accru- 
ing from condensation to reach the steel and thus cause corrosion, 
the coatings mixed with the petroleum product were full of life , 
and tenacity, and the steel underneath was in excellent condition. 
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I am of the opinion that the best preservative for steel is a coating 
that is slow in drying and that does not become thoroughly hard, 
because a coating cannot become hard unless brittle, and thus 
will be more apt to crack and scale off. I repeat, however, that 
different conditions require different preservatives, and it behooves 
paint-makers to give more attention to the vehicle rather than to 
the pigment, for that undoubtedly is the life of the coating. 
Resinous gums such as are used in varnish-making are as a rule 
detrimental when mixed with linseed oil, the one having a tendency 
to set quickly and dry hard and the other to set slowly and keep 
elastic. This accounts in a great measure for the cracking and 
peeling of a number of coatings for steel. It is very important, 
too, no matter what coating be used, that it should be brushed 
out to a thin, even surface. Two thin coats are in every way 


_ preferable to one heavy coat, for if paint be applied at all heavy 


on steel or iron it will shrivel up and peel off in a short time. 
I have made a number of service, or time-tests, with coatings 
applied both thin and thick, and in every case the thin coatings 
outlasted the thick ones, in the ratio of two to three. 


SOME STATISTICS OF THE CEMENT INDUSTRY IN 
AMERICA. 


By R. W. LESLEY. 


I have been asked to give you in very brief form a few figures 
on the growth of the American Portland Cement Industry, with 
which I have been connected for many years. Of course, much 
of what I have to say is ancient history, because it is only ancient 
history from which diagrams can be made, and as the principal 
part of what I have to say to you to-day consists of diagrams, you 
can understand that ancient history is the essential part of m 
discourse. ; 

The American Portland Cement Industry is one of the 
remarkable developments of the past twenty years; in fact, it might 
almost be said, of the past ten years. The words “Cement” and 
“Concrete” to-day seem to the engineer almost as familiar as iron 
and stone, so far as construction is concerned, and the engineering 
papers are filled with articles of the most interesting character, 
describing the various forms of concrete and reinforced concrete 
construction, and yet it is quite within the knowledge of the writer 
in his early cement days that to find a single paragraph in the 
scientific papers of this country, or even of England, referring to 
this subject, was the occasion of more or less rejoicing. 

When we talk of the consumption of an article, the use of an 
article and the growth of an industry, we may generally find that 
along parallel lines will be the growth of the literature of the 
subject. This is one of the interesting developments of the 
growth of the industry to those who have been for years connected 
with it. 

In speaking of this subject I want to call your attention to a 
diagram showing by the comparative height of a cement barrel, 
the growth of the American Portland Cement Industry. These 
figures speak for themselves, and if the table were brought up to 
the present period by adding the year 1903, for which values are 
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soon to be published, the results would be even more remarkable. 
These barrels pictorially tell the tale of the development of the 
industry, and emphasize more than words could, what American 
manufacturers have been doing. 

It will be remembered that in the seventies practically all the 
Portland cement consumed in the United States came from abroad, 
and that foreign cement, especially the German and English 
brands, had a reputation which it was difficult to overcome and 
commanded the market for all large work. The difficulties of 
the establishment of American Portland cement have been told 
in other papers by the writer, and it is needless to repeat them 
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here; but the diagram which follows shows for the past twenty 
years the relation of the American production to the imports of 
foreign cement, and how gradually American production has over- 


taken importation, until the latter bears but a small percentage 


to the enormous consumption of Portland cement in this country. 
This table shows the domestic production and imports of Portland 
cement from 1882 to 1go2. 

At the beginning of this period we made 17,000 tons of Port- 
land cement and about a million tons of natural cement, and 
imported about 74,000 tons of Portland cement. Until 1897 the 
production of American Portland cements was much less than the 
foreign importations, but in that year it forged ahead rapidly. 
This growth was due to a number of causes, of which an important 
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one was the sudden realization by engineers that there was nothing 
to prevent the manufacture of good Portland cement in this country 
except their refusal to buy it. About that time specifications were 
recast so as to accept material made in this country which was ‘of 
satisfactory character. When users of cement found how easily 


their requirements were met by American producers, they began 
to call for finer grinding than before, higher tensile strengths and 
other properties. These specifications improved the quality of 
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the American product until to-day it is the equal of that of any 
country. Under such conditions it is not surprising that the 
foreign imports have fallen off materially of late. 

Portland cement, however, is not the only cement that this 
country produces, because since the early days of canals, the 
United States has been one of the great producers of natural 
cement, and much important work has been done for years with 
such good cements as those made in the Cumberland, Lehigh, 
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Louisville and Milwaukee cement districts. These were the first 
cement works of the country, and an examination of the Census 
Report for 1850 shows there were 35 cement works in the United 
States, all making natural cement, and having a daily capacity of 
14,500 barrels. 

The following table shows the relation of natural and Port- 
land cement to each other in this country, and the remarkable 
growth in the annual output per individual cement plant, as com- 
pared with the early figures of 1850: 


PRODUCTION AND CONSUMPTION OF NATURAL AND PORTLAND CEMENT IN 
THE UNITED STATES; AND AVERAGE PRODUCTIVE CAPACITY 
oF AMERICAN CEMENT MILILs. 
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(a) Includes imports. 

(6) Estimated from reported valuation at $1.00 per barrel. 
: (c) Establishments. 

(d) Estimated from reported valuation at $1.00 per barrel, and assumed to be all 
natural rock cement. 


These figures show that in 1850 there were 35 cement mills 
in the country, all making natural cement and having an average 
annual capacity of 14,500 barrels a year. In 1890 there were 16 
Portland cement mills of an average capacity of 21,000 barrels, 
and 63 natural cement mills with an average output of 98,400 
barrels. In 1902 there were 65 Portland cement mills averaging 
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265,000 barrels, and 62 natural cement mills averaging 199,000 
barrels. 

From the above an excellent opportunity is afforded of com- 
paring the relation of the natural cement industry to the Portland 
cement industry in this country, and when taken in connection 
with the foregoing table of imports of foreign cement and manu- 
facture of American Portland cement, giveffan excellent idea of 
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how Portland cement of American manufacture is gradually 
taking the place of all other cements in this country. 

Still more marvelous is the growth in the consumption of 
natural and Portland cement per capita in this country. In 1850, 
when construction based on scientific principles was in its early 
days, each citizen required an average of 6.5 pounds. Just before 
the Civil War about 7.3 pounds were enough. In 1870, when 
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things were doing well generally, 15.8 pounds were ample. In 
1880, after the Northern Pacific episode, when construction was 
checked, the necessities of the average citizen fell to 13.9 pounds. 
In 1890, however, people were realizing that permanent construc- 
tion was desirable, and 50.2 pounds were required. By 1900, 
89.8 pounds were necessary, and in 1902 this pete rose to the 
surprising total of 123.7 pounds. 

In addition to the fact of this great consumption in the United 
States, and of the fact of the decrease in imports, it is an additional 
source of gratification to American manufacturers to know that 
the imports of Portland cement to the United States during the 
present year 1904, are not likely to exceed 500,000 barrels, an 
amount just about equal to American exports of Portland cement. 

The figures above practically show the condition of the trade 
in this country, but for purposes of comparison for those who are 
looking into the production of Portland cement as a world industry, 
it may be stated that this country to-day has a producing capacity 
of nearly 30,000,000 barrels, and according to the best figures 
obtainable for the year 1903, actually produced 21,000,000 barrels, 
all of which was used here. Germany, which is recognized as the 
leading world’s producer, had in 1903 a capacity of 30,000,000 
barrels, sold about 20,000,o0o—of which 4,500,000 were exported, 
leaving the consumption of Germany about 15,000,000 barrels, as 
compared with the consumption of this country of 21,000,000 
barrels of American manufacture and 2,500,000 barrels of imported 
manufacture, and about 500,000 barrels of slag cement, a total of 
24,000,000 barrels. It is thus seen how fast our country is coming 
to the front as a great consumer of Portland cement. 

In connection with all the foregoing, it may be stated that 


‘most of these important results are due to American engineers and 


their faith in the American product, and much more will be due 
to our own Society, by reason of the care and attention it has given 
to the preparation of Standard Specifications for Portland cement. 
These specifications which are before our body to-day have been 
prepared by a joint committee, composed of representatives of 
the American Society for Testing Materials, American Society of 
Civil Engineers, American Railway Engineering and Maintenance 
of Way Association, and the Association of Portland Cement Manu- 
facturers, under Professor George F. Swain as chairman. 
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Needless to say, the task has been long and arduous, but it is 
hoped not a thankless one. It is the belief of the writer that when 
specifications for Portland cement have become standardized in 
this country, as they will certainly become through the work of 
our Society, there will be no limit to the growth of the industry. 
The standardization of specifications will allow manufacturers to 
produce a more uniform and regular, and by the very fact of 
standardization, a cheaper article, and consumers will have an 
article of the best quality, thoroughly governed in its production, 
and one which will in the next period of our growth prove the 
cheapest and safest of building materials. [ 


— 


PRACTICAL CEMENT CONTROL. 
By CHartes F. McKEnna. 


I believe that the request of the Committee in charge of the 
proceedings of this meeting is that the papers presented here be 
limited in presentation to a duration of fifteen minutes, and this 
suits exceedingly well in the case of the paper that is before you. 

I think that brevity, if it promotes clearness, is very much 
needed in the discussion of practical cement control. The details 
of every conceivable test have been published and republished, 
experimented upon, tried and retried, discussed and again dis- 
cussed, and some of the results, even where the subject and work 
were meritorious, have been to confuse the minds of engineers, 
architects and constructors. There is a mass of misconception 
about Portland cement still remaining and it is more important to 
correct this than it is to publish at once a standard specification. 

What is the object of the engineer and constructor in adopting 
control of cement? It is the same as his object in controlling other 
general materials, timber, stone, steel, etc., viz: to see that the 
material is of the quality that is called for. Now this term not only 
includes the elements of durability, but involves the question of 
full value in honest weight, and honest avoidance of additaments 
of inferior value. The means he will adopt to reach his object will 
be by a plain statement of his requirements, called the Specifica- 
tions, and by a series of trials of what is being offered to him for 
his work, called Inspection.. These dual means to his end cannot 
be separated. Specification, without inspection, is almost useless; 
inspection, without specification, cannot enforce condemnation. 
A defective specification will defeat the whole object of these trials, 
while defective testing will certainly also do that. The specifica- 
tion must be clear; it must be full and extended enough to cover 
every point which will lead to a:correct,judgment of the cement; 
it must above all not fail in its purpose by reason of loose state- 
ments, low standards, or omitted criteria. The inspection element 
in control comprises sampling, testing and judgment. The inspec- 
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tion must be practical. That is, it must furnish definite results, 
and this must be done at a place, in a manner, and at a cost that 
fit the purpose. Obviously the means of testing have to be sup- 
plied, and they usually consist of a few instruments of precision, 
which it is necessary to keep in proper condition. It would seem 
not always easy to keep cement testing within the limits of practical 
cost. Yet no one wishes to pay an excessive insurance premium 
for insuring any risk. 

These are the elements of the question of practical cement 
control. What are the detailed recommendations ? 

For small work, the engineer or architect will be concerned 
only with his specification; for the second element, the inspection 
must be done by a sampling and laboratory force which he cannot 
keep employed, but must obtain from a chemist specializing in 
materials. For large works this additional element can be supplied 
upon the works, and he has a field for his personal control which 
is Open to him to the fullest. And it is to such situations that the 
present paper mostly applies. 

The Specifications—These should provide for the full and 
careful sampling of the lots of cement offered for the work; for 
their preservation till judgment has been passed upon them; for 
the weighing of occasional packages; for the determination of 
the specific gravity, of the fineness, setting time, tensile strength, 
constancy of volume, loss on ignition. Specifications seldom 
contain all these features, and at times are so worded that the 
engineer receiving his returns from the laboratory having on their 
face only the returns called for in his incomplete specification, will 
be unable without being aware of it to pass a proper judgment 
upon the cement. 

In tensile strength we have a feature which has always been 
much misunderstood, and in which we have perhaps the best field 
for reform in the criteria of cement. ‘The fallacies involved in the 
24-hour test are so numerous that certainly the labor involved in 
that test should be eliminated, gaining thereby one point in econo- 
mizing the cost of testing. But it should be replaced by a three- 
day test in case the cement is not to be held over two weeks, and 
this followed by a seven-day test will furnish information enough, 
along with the soundness and other tests, to pass a fair judgment 
upon the sample. When this again is followed by fourteen and 
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twenty-eight day tests the character of the cement can be well 
understood. The day is coming when the tensile strength at any 
one or two periods will not be quoted as indicative of the quality 
of a cement, but the curve of hardening as determined by two 
observations within a week, and two more within the month, will 
rule as being more illuminating as to the character of the cement. 

It is customary to make five briquettes in each series and to 
average the results of the figures so obtained on all. This rule is 
followed by some inspectors even when the results show gross dis- 
crepancies. ‘Those who are accustomed to manipulative experi- 
ments and to logical deductions from numerical results know how 
to ascribe values to their results in a better way than this, and how 
to eliminate figures which are obviously in error. Such operators 
in cement testing can lessen the work by making only three 
briquettes. It is in this field that much good can be got by giving 
special training in a school of cement inspection. 

Emphasis must be placed on the rule that we must have as 
many factors as possible for a judgment of cement. I know of no 
single test which by itself would serve to give the hallmark to a 
cement. ‘There is no touchstone test for this very ordinary- 
looking but very complex substance. To reject a cement upon 
one symptom which is indefinite may be productive of harm, but 
as in the stability of important structures the structure must get 
the benefit of the doubt, so engineers and inspectors of cement are 
justified in refusing to use cements which leave them in this doubt. 
In work of short duration and unimportant character, with no 
danger to life or with large factor of safety, or in immense works 
where great lots are being used and the doubt is only as to a unit 
lot, the manufacturer should be given the benefit of the doubt. 

But should there be any doubt? There may be, but it should 
be small. As said before, the attempt to form a judgment from 
the results of a suite of tests is very much like diagnosis of disease. 
It is a complicated mental process based upon a number of obser- 
vations and experiments not all of which are positively known to 
be exact or to rest upon an infallible basis, but all of which pointing 
in the same direction carry conviction to the mind. It is true 
chemistry and physics are exact sciences, and exact measurements 
are expected to be used, but indefiniteness of detail is not always 
inexactness. 
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Chemical analysis is not to be recommended as a means to be 
resorted to unless the cement is coming in large lots and the samples 
are representative of the general output of the mill. Loss on igni- 
tion, however, should be frequently determined, and perhaps 
alkalinity of water solution. ‘To call for detailed chemical analyses 
of samples representing small lots will result in either an excessive 
cost of insurance or the employment of a grade of chemical talent 
which will be no insurance. 

As an example of sustained, fair and conclusive work of 
inspection of cement, I would refer to that inaugurated by Mr. 
Edwin D. Graves, of Hartford, Conn., upon the large work of the 
stone bridge to be erected at that city for the Connecticut River 
Bridge and Highway District Commission, a contract which will 
involve the use of 100,000 barrels of Portland cement, more or less. 

The specifications are as follows: 


Cement. 12. All cement shall be pure American Portland. All 
cement shall be dry and free from lumps, well seasoned and 
free from slag or other waste products, such as ground lime- 
stone orsand. Manufacturers must guarantee that all cement 
has been seasoned or subjected to aeration at least thirty days 
before leaving the works. 


id ell-known Only high-grade American Portland cements of estab- 
rand of d s : . 
cement. lished reputation, which have been made by the same mill 


and process and used successfully under similar conditions to 
those of the proposed work, will be considered, and the 
decision of the Engineer shall be final. The Contractor shall 
furnish the Engineer with all information which he may 
require in regard to the record or history of the cement which 
he proposes to use. It is desirable that no change in the 
brand or quality of cement be made throughout the work, 
and considerable preference will be given to that cement 
whose makers can guarantee to supply regularly and on time 
the entire quantity required. 

Tests. Tests, in general, are to be in accordance with the rules 
of the American Society of Civil Engineers, except where 
otherwise noted or required by the Engineer. 

All cement is to be furnished either in first-class barrels 
or duck bags, and each package must be perfect, and have the 
name of the manufacturer clearly marked upon it. 


seideye sips The Contractor must keep on hand in the storehouse at 
on hand, the work a sufficient supply, in the original packages, to allow 


a thirty-days test of each lot or consignment of cement before 
any of it will be allowed to be used in the work. The cement 
must be stored in tiers in a suitable dry storehouse, at least 
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one foot above the ground, so that every bag or barrel is 
accessible for sampling and marking. Each lot or consign- 

ment received must be piled by itself and its date of receipt 

plainly indicated.. In general, samples shall be drawn from Sampling. 
one barrel in twenty-five or one bag in one hundred, but the 
Engineer reserves the right to sample any or all packages 
received, and to order a retest at any time. 

No cement can be used in the work until it has been-ac- Acceptance. 
cepted by the Engineer, and each package, after acceptance, 
must bear an acceptance tag or label, to be affixed by the 
Engineer to each lot which has satisfactorily passed all the 
tésts which he desires. 

Any cement which has been rejected shall be immediately 
removed from the storehouse and from the vicinity of the 
work. 

As the accepted cement is removed from the storehouse 
for use in the work, the tags or labels must be removed or 
destroyed by the Engineer. 

Each barrel of cement must weigh at least 375 pounds Weight and 
net, and will be figured as four cubic feet of cement, loose ola 
measure. Each bag is figured to contain one-fourth of a 
barrel, both in weight and measure. 

The proportion of lime to silica shall be about three to Chemical 
one. composition, 

Sulphuric acid, less than 1.75 per cent. 

Magnesia, less than 3 per cent. 


Fineness shall be tested by sieves of best standard make: Fineness. 
No. 100 sieve, 10,000 meshes per square inch. 
No. 200 sieve, 40,000 meshes per square inch. 
95 per cent by weight must pass a No. 100 sieve. 
75 per cent by weight must pass a No. 200 sieve. 


The specific gravity shall be between 3.10 and 3.20. Specific 
gravity. 
Initial set not less than one hour. ae 


Final set not over eight hours. 


Two cakes of neat cement shall be molded on glass and Constancy of 
be made about three and one-half inches in diameter, three- 
eighths inch thick at the center, drawn down to a sharp edge 
at the circumference. One cake shall be immersed in cold 
water, after having set hard, and then examined from day to 
day for a period of seven days, in order to detect surface 
cracking and warping. The other cake, after having set hard, 
shall be immersed in water at 70° F., supported on a rack 
above the bottom of the receptacle, and the water gradually 
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Failure to pass 
boiling test not 
conclusive. 


Tensile 
strength. 


Standard sand. 


Mixing. 


raised to the boiling point and maintained at this temperature 
for twenty-four hours. Examination of the cake at the end of 
that time must show no signs of checking, cracking, or dis- 
torting. The surface color of these cakes, when left in the 
air until they are set hard, and after immersion in both hot 
and cold water, must be uniform throughout, of a bluish or 
greenish-gray, and free from light yellowish blotches. 

Should the sample fail to pass the hot water test, the 
Engineer reserves the right to reject the lot or to order a 
retest, or to subject the sample to chemical analysis in order 
to determine whether said failure to pass the hot water test 
was occasioned by free lime or other deleterious conditions. 
The Engineer may withhold his approval until the result of 
the twenty-eight day test of the cake in cold water can be 
observed, or he may order a new boiling test from new 
samples drawn from the same lot but from different packages. 
If the twenty-eight day cold water test or the second boiling 
test is unsatisfactory, the lot must be rejected. 

Neat briquettes must stand a minimum tensile strain per 
square inch: 


24 hours in air, 200 lbs. 
24 hours in air and 6 days in water, 500 lbs. 
24 hours in air and 27 days in water, 650 lbs. 


Sand mortar briquettes, three parts sand (standard 
crushed quartz) to one part neat cement, must stand a mini- 
mum tensile strain per square inch without breaking: 


1 day in air and 6 days in water, 175 lbs. 
1 day in air and 27 days in water, 275 lbs. 


The standard quartz sand shall pass a standard sieve of 
twenty meshes per lineal inch, four hundred meshes per 
square inch, and be all retained upon a standard sieve with 
thirty meshes per lineal inch or nine hundred meshes per 
square inch. 

The tensile strength of both neat and sand briquettes 
shall show a satisfactory increase of strength up to periods 
of one year. The Contractor shall, if required, furnish 
previously obtained evidences of the strength of the cement 
at periods of three, six, nine, and twelve months. 

When making briquettes, well-dried cement and sand will 
be used. Neat cement will be mixed with twenty per cent of 
water by weight; three to one sand and cement mixture, 
with twelve and one-half per cent of water by weight. 
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13. The mortar shall be made up of cement and sand in Mortar. 
varying proportions, as specified in each class of work in 
which it is to be used. The ingredients shall be mixed by 
actual measure, and one barrel of cement shall be figured as 
four cubic feet loose; one bag of cement shall be figured as 
one cubic foot. Cement and sand shall be thoroughly mixed 
dry before adding water. Mortar shall be mixed in proper 
mortar beds or by proper machinery, and shall be used before 
it begins to take its initial set. Any mortar which begins to 
show this set, or which is damaged from EL BDY cause whatever, 
shall be thrown away. 

14. In each part of the work the different mixtures of Concrete. 
concrete will be known by the proportion of cement, sand, 
and stone contained therein; for example: A 1-2-4 mixture 
will contain one unit by measure of cement, two units by Measurement 
measure of sand, and four units by measure of stone. The °/materials in 
sand and stone shall be actually measured in a manner satis- 
factory to the Engineer. The cement will be estimated as 
four cubic feet loose cement per barrel, and one cubic foot 
per bag, as one-quarter barrel. 

In general, concrete shall be machine mixed in a cubical Cubical mixer. 
mixer. The cement and sand shall be dry mixed, then the 
proper amount of water added to thoroughly mix the mortar, 
then the stone added and thoroughly mixed with the mortar. 

The amount of water required will depend upon the place in 
which the concrete is to be used, but, in general, rather wet 
concrete will be required. 

In hand mixing, a smooth, clean, close platform of ample Hand mixing 
area must be used, the volume of stone spread out on one side % concrete. 
in a flat layer not over one foot in thickness within a frame 
of one or two yards unit. The dry sand and cement shall be 
mixed adjacent thereto until of a uniform color. The stones 
shall be wet and the sand and cement mixture spread over 
them in a uniform layer, and properly moistened with a fine 
sprayer. A batch so prepared shall be turned over three 
times by shovelers working toward each other from opposite 
sides, care being taken not to heap up the batch, but to main- 
tain it of uniform thickness after each turning. 

Concrete which has begun to set shall be thrown out and 
not used in any part of the work. 

Concrete will generally be deposited in layers not exceed- Depositing 
ing one foot in thickness, and shall be properly rammed and concrete. 
leveled in place with iron rammers, weighing twenty-five to 
thirty pounds, care being taken that all edges and corners 
are filled with mortar. 

All surfaces where new concrete is to join old concrete or Joining new 

work with old. 
masonry shall be thoroughly cleaned and scrubbed, rough- 
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ened if required, and washed over with a thin Portland 
cement wash before depositing concrete. The shape of the 
surface of concrete work when work is suspended shall be 
determined by the Engineer, according to the exigencies of 
each case. 

Cement finish. When cement finish is required on the face of concrete 
work, it shall be deposited inside the forms at the same time 
as the concrete, and in such a manner as to bond with it. 
This cement finish will, in general, be mixed in the proportion 


of 1-2. 
Protect while All concrete or eement finish shall be protected from the 
setung: sun by covering or awning, and be kept wet when setting, for 
such time as the Engineer may require. 
‘eels in 15. The laying of masonry or the depositing of concrete 
weather, in freezing weather shall be under such requirements as the 


Engineer may determine in each particular case. The housing 
in of the whole structure and heating by proper means is the 
method preferred. The necessary means of removing frost 
from all the materials employed shall be such as meet the 
approval of the Engineer. 

Masonry. The word ‘‘Masonry,’”’ as used in this agreement, shall 
include stone work of all classes, concrete work of all classes, 
and concrete and stone work together of all classes, each 
complete in place. 


After the publication of these specifications, the writer was 
called into consultation to arrange for the inspection of the cement. 

A laboratory has been installed with a screw power testing 
machine mechanically operated, with the necessary sieves, balances, 
moulds, moist closet, tanks, and accessories of all kinds for each of 
the tests. Sampling is thoroughly and systematically done, and 
one of the most notable features of this division of the work lies in 
the way in which the samples are used. On the arrival of a car 
containing 600 bags or thereabouts a sample is taken from every 
100 bags as they are being taken to the storehouse, and these are 
mixed to form the sample by which that car will be judged for 
acceptance or rejection. The tests made on this sample are 
embodied in what is called the ‘“‘ Acceptance” Cement Report, and 
they include the fineness, soundness, setting time, tensile strength 
neat and sand at 7 days and 28 days. Now four such car samples. 
are subsequently taken and mixed to furnish the data for the 
“Mixed Sample’? Cement Report, in which the features already 
determined are entered by their average, and in addition briquettes. 
are made so that data will be furnished for the three months, six 
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months, and one year reports. It is believed that the Chief Engi- 
neer has by this method the fullest knowledge of the character of 
the cement which is offered to him and of that which has gone into 
his work that it is possible to have of it, and at a very reasonable 
cost. Five-inch concrete cubes are also made from the mixer, and 
these are laid away for testing at long periods. Mr. Graves dis- 
covered that he secures better results by making a prism of such 
concrete several feet long and having the cubes sawed out of it by 
the marble cutter. 

A modification of the procedure of sampling has later been 
introduced to further facilitate the direct transmission of the 
cement to the concrete mixer without passing through the store- 
house, and this may be adopted for all of the open season. It 
consists in sampling certain bins at the cement mill by means of 
numerous samples and locking and sealing these bins until the 
samples have been through the regular series of tests at the labora- 
tory at the bridge site. Cars are loaded only from the accepted 
bins and the cement is sent forward for transhipment at Jersey City, 
where another representative of the laboratory certifies to the proper 
transhipment and sends forward to the Hartford office all infor- 
mation about the particular lot of cement on the barge. Compli- 
cated as this may seem, the system and conditions are such that 
the Engineer of this great work can congratulate himself on having 
cement inspected at a cost which is very reasonable. 

I should sum up my recommendations for practieal cement 
control in the following way: 

Specify fully and in terms that can be-practically applied upon 
inspection, and practically met by the manufacturers. 

Inspect by means of least necessary number of samples sub- 
mitted to numerous but simple tests of which the methods are exact. 

Let the judgment be based upon a summary of all results. 

Adopt chemical analysis only when all the elements of control 
are confided to an expert chemist. 


Mr. Humphrey. 


Mr, McKenna. 


DISCUSSION. 


RicHarp L. Humpurey.—As I understood the  specifi- 
cations, in Dr. McKenna’s paper, he recommends a fixed percent- 
age of water—zo per cent.—for all Portland cements for making 
briquettes. 

It think it is an absurdity to fix definitely in a specification 
the percentage of water to be used in making briquettes. The 
chemical composition of cement varies considerably, and as the 
phenomenon of hardening which takes place upon the addition 
of water is simply a process of crystallization, the amount of water 
required for the purpose will vary, not only with every brand, but 
often with every shipment. The quantity of water required may 
vary from 18 to 27 per cent., depending on chemical conditions. 

The fineness to which the cement is pulverized also affects 
the percentage of water required; other conditions being the same 
the finer the cement the greater the quantity of water. The age 
of the cement also affects the quantity of water required; a 
thoroughly seasoned cement usually taking less water than a 
freshly ground cement. It is therefore, impossible as a general 
proposition to fix definitely the percentage of water to be used in 
testing cement. 

C. F. McKenna (by letter).—A fixed percentage of water 
for all cement samples is of course not recommended. There 
are other points in the specification which the writer would not 
be responsible for. It was quoted only because it was a good 
example of a comprehensive specification showing that the 
engineer had his subject well in hand, and that it was not diffi- 
cult for the expert in materials called in after the contract was 
let to design a system of inspection which would secure excel- 
lent cement. 


clit iain 
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SOME POSSIBLE BY-PRODUCTS IN THE PORTLAND 
CEMENT INDUSTRY. 


By CLirFORD RICHARDSON. 


In the course of the investigations conducted by Dr. W. H. 
Hillebrand, at the request of the Committee on Uniform Methods 
of Analysis of Materials for the Portland Cement Industry, he found 
that when a raw mixture which contained .69 per cent of potash 
and .22 per cent of soda was ignited in a platinum crucible for one 
hour‘over an ordinary blast lamp, the resulting cement contained 
but .07 per cent of potash and .og per cent of soda. The alkalies 
had been nearly completely volatilized and the potash more com- 
pletely so than the soda. 

It at once became of interest to determine whether the same 
thing took place in the industrial production of Portland cement 
clinker. It was found that from a raw mixture, made from marl 
and clay, which contained the percentages of alkalies mentioned 
above and which should, in consequence, contain 1.26 per cent of 
potash when burned if none of it was volatilized, since the loss on 
burning was 37.50 per cent, .65 per cent was carried off in the flue 
gases at the temperature of the rotary kiln. An investigation of 
the flue dust proved that the alkalies were carried further than the 
point where this material is deposited, and it is apparent that by 
conducting the gases through a long horizontal chamber where the 
temperature could be reduced to a point low enough to permit of 
the deposit of the potash, this could all be collected, perhaps aided 
by a spray of water or steam. . 

The importance of this discovery is apparent if a calculation 
is made of the actual weight of potash which is produced and lost 
in this way in a cement plant turning out 4,000 barrels a day, or 
700 tons of material. Six-tenths of 1 per cent of this would mean 
4.2 tons of potash, which now goes to waste, but which could be 
readily collected and have a value of at least $12 per ton, that 
of kainite with 12 per cent of potash and with a probable value 
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of $45 per ton, that of the commercial muriate used for fertilizing 
purposes. In the later form our 4.2 tons of potash would be the 
equivalent of 6.6 tons of muriate, so that, allowing the excessive 
sum of $50 per day for the expense of the process and interest 
charges, the profit from a single plant of the size mentioned would 
be between $100 and $200 per day. It would seem that the devel- 
opment of the process would be of commercial interest. 

In conclusion, it may be said that Dr. Hillebrand has an 
application pending for a patent covering it. 


PISCUSSTON: 


R. K. Mrapre.—I made some experiments some time ago, 
which were detailed here the other morning at the meeting of the 
Association of Cement Manufacturers, to determine the losses 
other than carbon dioxide and water which occurred in the rotary 
kiln. These losses I found were principally sulphuric acid, potash 
and soda. By an analysis of the raw material entering and the 
clinker coming from the kiln between 60 and 70 per cent. of the 
potash, and between 20 and 30 per cent. of the soda present in the 
raw material were driven off. From the figures of these tests, a 
one-thousand-barrel plant would throw off about 3,600 pounds of 
alkali; but in order to catch this, there would have to be taken 
care of at least 2,000,000 pounds of gas at a temperature of about 
goo® C. It would seem that, in order to recover this alkali economi- 
cally, it would be necessary to introduce very much less air in the 
kiln, so that there would not be such enormous quantities of gas 


to look after. It would not seem to me quite practical to take care 


of 2,000,000 pounds of gas at a temperature of goo° or 1,000° C. 


Mr. Meade. 


SOME NOTES ON THE BOILING TEST FOR CEMENT. 
By Freperick H. LEwIs. 


It is difficult for most of us to arrive at conclusions purely by 
the light of reason, to deal with every syllogism from its premises 
to its conclusion. We are all disposed to argue somewhat on the ~ 
basis of our prejudices or to refute others because of the prejudices ~ 
which we ascribe to them. The Navy Department of the United 
States Government has given us to understand that it views askance 
the specifications for Portland cement prepared by a committee of 
this Society because these specifications take cognizance of estab- 
lished manufacture in preference, perhaps, to venturing upon 
modifications of manufacture. If the report of this committee is 
so regarded it can hardly be expected that the suggestions of the 
speaker will be viewed apart from his interests as a manufacturer. 
Let us then begin by admitting these interests or prejudices, which- 
ever you may like to call them. The truth is, however, that the 
purpose of this paper is not especially to discuss the advisability 
of these tests for cement or to oppose them, but it is rather to con- 
sider the modification of manufacture suggested by these tests, to 
raise the question whether such a resultant product is desirable 
or undesirable, and to rest the subject there for your consideration. 

In passing, however, it may be said that the speaker has on 
one or two occasions ventured to intimate that there was no com- 
petent opinion in favor of accelerated tests for cement, only to find 
that this view was very much resented. There are, it appears, so 
many young gentlemen who have made some dozens, some scores 
or even some hundreds of boiling tests, and who are in consequence 
entirely satisfied of their intimate knowledge of the subject. But 
is it not a fact that American scientific literature is almost entirely 
barren of that kind of careful investigation which is intended to 
establish the reliability of cements for practical purposes and the 
value of accelerated tests as criteria of quality? If the speaker is 
correctly informed, some at least of these tests have turned out so 
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badly for the high-testing boiling cements, that the results have not 
been published. 

Whether, however, these tests be good or bad, desirable or 
undesirable, does not especially concern this paper. The manu- 
facturer must evidently make what people want, and this is now a 
cement to pass some sort of boiling test or the later atrocity of a 
steam test just perpetrated by the Society’s committee. And 
almost all manufacturers have sufficiently studied the problem to 
meet these requirements with reasonable regularity. A study of 
the conditions precedent to doing this suggests certain advantages 
which arise from variations in the composition of the cement. 
Suggests indeed, that for testing purposes some radical innovations 
might be adopted. It is the object of this paper to briefly deal with 
this subject. 

In comparing two cements of similar composition, or in vary- 
ing within certain limits the composition of the same cement, the 
following conclusions are reached, to wit, other things being equal: 

First. The higher the silica the better the cement boils. 

Second. The higher the oxide of iron the better the cement boils. 

Third. Within certain limits the higher the sulphuric acid 
the better the cement boils, and 

Fourth. Within the limits of approved formula the higher 
the lime the better the cement boils. 

Magnesia appears to be entirely inert. Whether alumina is 
detrimental in itself, or whether its presence is disadvantageous, 
because it reduces the amount of silica and oxide of iron which the 
cement could otherwise carry, the speaker is not prepared to say, 
but it is quite clear that it is advantageous to have the alumina low. 

It is hardly necessary in this company, familiar with the 
chemistry of cement and the practical limits of the Portland cement 
formula, to point out in any detail the limitations which apply to 
these general conclusions. Within these limitations the data above 
indicate the lines on which cement of boiling quality can be pro- 
portioned, and suggest that an outline or skeleton formula for 
boiling cement should read something like this: 
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A cement of this exact composition could be produced experi- 
mentally. The speaker has not done this, but there are sufficient 
precedents for saying that it undoubtedly could be made, and 
there can be little doubt that it would be Portland cement with very 
desirable qualities so far as meeting laboratory tests is concerned. 
It might have some drawbacks, but it may be safely said that it 
would be: ; 

First. Always slow setting. 

Second, That it would stand all kinds of accelerated tests. 

Third. It would have high specific gravity. 

Fourth. It would show high tests at short periods in neat and 
sand mortars. 

Fifth. It would escape a certain criticism now in vogue of 
Portland cement for sea-water work. 

This formula, it will be observed, approaches much more 
nearly that of the hydraulic limes than it does to the generally 
received formula for Portland cement. The celebrated hydraulic 
limes of France, with their extraordinary sand-carrying capacity, 
are made from siliceous limestones free from alumina. The 
theoretical formula for this is given by M. Le Chatelier as follows: 

SSUILOA Sy reosig ater 8. 4.pd ATA wa DUR eM eT 16,6 per cent, 
Carbonate or lime lin sca «sisi: 83.4 a 

As actually made, the best grades of these hydraulic limes 

show an average analysis which will read about as follows: 
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Now these hydraulic limes are burnt at the temperature of a 
limekiln, and even under these conditions, the silica, which is in 
a fine state of subdivision, combines the greater part of the lime. 
The product is subjected to air slaking before shipment, and when 
prepared in this way these limes not only show extraordinary sand- 
carrying capacity, but are entirely sound under accelerated tests. 

In actual manufacture there should be no particular difficulty 
in making a silica-iron-lime cement. For practical purposes it is 
only necessary to approach it, and indeed better, for most purposes, 
not to eliminate all the alumina. 
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A cement of about the following composition would present 
‘no serious practical difficulties by the dry way: 
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Since coming here the speaker is convinced of the growing 
importance of being able to make cement by prescription from 
three, four or even more constituents. Having adopted a standard 
specification, it is even now evident that certain of the larger cor- 

_ porations are going to say, “ We do not care what the cement costs; 

_ make us what we want.” And it appears that one of the things 
they want is a low tensile test; another is a still further limitation 
of the sulphuric acid. These requirements are difficult to meet 

_ unless we can eliminate a part of the alumina, unless indeed we 
modify manufacture to meet them. 

In comparison, a typical Pennsylvania Portland cement to-day 
analyzes about as follows: 
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The difference between these formulas is quite marked. The 
“essential difference is that the formula suggested eliminates a 
large part of the alumina in favor of silica, lime and iron oxide, 
The old formula approaches the Roman cement basis, the new 
approaches the hydraulic limes. One feature of the Roman 
cements is retained, to wit, the high iron. As a general rule, the 
natural or Roman cements abroad contain after calcination 
from 4 to 6 per cent of oxide of iron. The proposed formula for 
boiling cement, therefore, follows the general figures of the hydraulic 
limes by reducing the alumina, but contains the high iron of the 
Roman cements. 


Po an ee 
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What briefly is there to be said of the elimination of alu- 
mina? There can be no doubt that high alumina in cement, and 
especially in rotary kiln Portland cement, has certain actual dis- 
advantages. But the earlier American and foreign Portland 
cements which contained even higher percentages of alumina than 
at present had the quality of hardening progressively up to periods 
of four or five years, which has not been at all equalled by later 
products. This may or may not be important. Views differ. [px 

But it may be said on the other hand that the general formula 
now in use for Portland cement was developed for special con- 
ditions which do not obtain now for the major part of the industry. 
It reverts to the earlier practice abroad which was by the wet or 
humid way. For this purpose a clay was required which was free 
from sand or uncombined silica of any kind, so that the mixture 
could be made by the inexpensive wash mill process, without any 
grinding of the raw materials. This condition still prevails in 
the wet process, as raw materials which require wet grinding 
greatly increase the cost of production. But there is no special 
reason why the dry process should continue to follow this precedent 
if important advantages are to be gained by departing from it. 
You have, then, gentlemen, a constructive outline for a formula ~ 
which is believed to be the logical development of the present 
testing requirements. What do you think of it? 


oa a ge 


DISCUSSION. 


CLIFFORD RicHARDSON.—I have been very much interested Mr.Richardson 
in Mr. Lewis’s paper. It happens that I have made a cement in 
which the alumina has been replaced by iron of exactly the kind 
that he has described. The peculiarity of this cement is that 
owing to the absence of the quick-setting compounds of alumina 
and lime and their replacement by compounds of iron and lime of 
very low hydraulic value, it sets extremely slowly. The hydraulic 
properties of such a cement are derived almost entirely from tri- 
calcic silicate which is present, which is known to be a material 
which sets extremely slowly. After an interval of 28 days, how 
ever, briquettes made with this iron cement gives a tensile strength 
of 570 pounds per square inch. 

It also possesses the peculiarity that the iron and lime com- 
pounds which it contains do not dissolve to any appreciable extent 
in tri-calcic silicate. The latter, therefore, crystallizes out of the 
ferruginous magma as colorless crystals. This cement, therefore, 
does not correspond at all to our ordinary industrial product. 

In regard to the effect of the varying percentages of lime in a 
cement upon the time of setting and volume constancy, it is a 
fact that when the basicity is sufficiently high to correspond to a 
percentage of lime required for the formation of tri-calcic silicate 
and tri-calcic aluminate, the cement will set much more slowly 
-than one where the basicity is lower, if the burning is satisfactorily 
done in both cases. 

F. H. Lewis.—I have used a clay containing 4 per cent. of Mr. Lewis, | 
alkali in making cement. But a method for utilizing this alkali 
which can be operated without detriment to the proper output of 
the kilns strikes me as impracticable. 

R. W. Lestey.—There is a cement made at the Krupp Iron mr. Lestey. 
Works in Germany, which is claimed to be a compound of lime 
and waste from chrome ores, or lime and waste produced in the 
manufacture of sulphuric acid from iron pyrites. In both these 


Mr. Lesley. 


Mr, Cushman 
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cases, the cement contains large proportions of iron. These 
cements have the qualities of extreme slow-setting. 

The particular purpose of these cements was to meet the 
criticism of Dr. Michaelis, who had attacked the stability of the 
modern Portland cement when exposed to sea-water. 

Of course, in considering the addition of sulphate of lime, 
there comes a point where the cement would contain too large a 
percentage of sulphuric acid for safety, and this brings up the very 
interesting question whether there is not a possibility of producing 
a slow-setting rotary Portland cement with a less percentage of 
sulphuric acid than that now added in the form of sulphate of 
lime. 

The speaker in 1895 and 1896 made some interesting experi- 
ments on that subject which were conducted in the laboratory of 
Messrs. Booth, Garret and Blair, covering a period of a year. 
The problem was the dealing with this doubtful substance known 
as gypsum or calcined plaster. As the only particular benefit to 
the cement by the addition of this substance was through the 
sulphuric acid contained therein, the thought came that the addi- 
tional lime, being of no particular benefit to the manufactured 
product, that this might be eliminated entirely and sulphuric acid 
alone could be used in a dilute form. 

These experiments were carried over a long time and were 
conducted upon manufactured cements and also upon clinker. 
Sulphuric acid was not the only acid used, but also hydro-chloric 
acid and phosphoric acid. All of these were found to have bene- 
ficial results in making the cement slow setting,. 

From a practical standpoint, it was found that when sulphuric 
acid in diluted form was mixed with the cement material or 
clinker, by being sprinkled thereon or thrown thereon in the form of 
a vapor, a much smaller amount of sulphuric acid would accom- 
plish a given result, than where the sulphuric acid was presented 
to the material in the shape of gypsum or calcined plaster. There- 
fore, if the tendency is to reduce tensile strains and reduce the 
allowable percentages of sulphuric acid, and at the same time 
require that the cement shall be slow setting, these requirements 
might be met by following out the lines covered in the experiments 
just described. 

A. S. Cusaman.—I wish to say, that although we speak of 
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the presence of sulphuric acid in cements, no one supposes for a Mr. Cushman 
minute that it is present. It seems to me that it is entirely a ques- 

tion as to how the small amount of sulphur which is almost invari- 

ably present is combined, and the relation that these combinations 

bear to others with which they have been in contact at the high 
temperature of the kiln. , 

I think that all of us who listened yesterday to the very 
interesting discussion of the properties of the new steels, realize 
that the cement makers’ problems are right in line with the new 
problems of the iron and steel industries. We ought to guard 
against drawing inferences merely from the percentage composition 
of a cement as shown by chemical analysis. What we have got 
to study is the effect produced by the solution of certain substances 
in others. In short the character of a cement is determined by 
the solid solutions that have been formed during the process of 
manufacture, more than by minute variations in chemical compo- 
sition. 

The steel men have found that this is true in respect to the 
products in which they are interested and the cement men are 
going to find themselves face to face with exactly similar problems. 
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TESTS OF REINFORCED CONCRETE BEAMS. 
By ArtHur N. TALBOT. 


It is intended here to review some of the results of tests of 
reinforced concrete beams made recently at the University of 
Illinois. In the investigation, an endeavor was made to determine 
the horizontal deformations of the beam during the progress of 
the loading and to find the amount of the stresses taken by the 
steel and by the concrete. Some attention was given to the effect 
of a change in the amount of metal used, the relation between 
elastic limit of metal and strength of the beam, and the position 
of the neutral axis. 

Twenty-two rectangular reinforced concrete beams, 15 feet 
4 inches long, 12 inches wide, 134 inches deep, were tested. The 
center of the metal reinforcement was 12 inches below the top of 
beam, but in some of the beams the rods were inclined or turned. 
up at the ends. The span was 14 feet. The loads were applied 
equally at two points which divided the span into three equal 
parts. This loading gives a bending moment for the applied load 
of 3 WI at all points between the loads. 

Chicago AA Portland cement bought in the open market was. 
used. 1 to 3 mortar gave 233 pounds in 7 days and 400 pounds. 
in 60 days. The sand was fairly clean and well graded in size, 
and contained 29 per cent voids. The stone was crushed limestone 
and ranged between } inch and 14 inches size, and contained 44 
per cent voids. The concrete was by loose volume, 1 cement, 3 
sand, 6 stone. Concrete beams having the dimensions of the 
reinforced concrete beams gave a modulus of rupture of 343 pounds. 
per square inch, counting both the applied load and the weight 
of the beam; 6-inch concrete cubes gave an average compression 
strength of 2,030 pounds per square inch in 60 days. 

For the reinforcement, plain round rods, plain square rods, 
Johnson corrugated bars, Thacher, Ransome and Kahn bars were 
used. The amount of reinforcement varied from 0.6 square inch 
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of metal to 2.4 square inch, or from 0.42 per cent to 1% per cent of 
the area of concrete above the center of the reinforcement. 

The yield point of the plain bars and of the Kahn and Thacher 
bars was between 32,000 and 35,000 pounds per square inch. The 
yield point of the Johnson bars was between 55,000 and 60,000 
pounds per square inch. The yield point of the Ransome bars, 
not determined, was also high. 

The beams were made directly on a concrete floor, except 
that a strip of building paper was placed under them, and they 
were not disturbed from this position until taken to the testing 
machine. The beams were tested at 60 days’ age, the greatest 
variation from this being five days. This age was sufficient to 
reduce the variations in properties of the concrete due to differences 
in moisture and atmospheric conditions to a relatively small 
amount. Care was taken to have the work of mixing done uni- 
formly, and the general appearance and behavior of the concrete 
was quite uniform. 

The tests were made on an Olsen testing machine of 200,000 
pounds capacity, with beam attachment. The extensometer device 
was carefully planned and calibrated, and it is believed that the 
measurements are trustworthy. Each frame of the extensometer 
device was attached to the beam by two pairs of screws, one pair 
generally being placed against the sides of the beam 1} inches 
below the top of the beam, and the other pair r} inches above the 
bottom of the beam. The gage length was generally about 61 
inches. Four extensometers, modified forms of the Johnson 
instrument, were used, their position being above and below the 
contact screws, but directly in line with them. They read to 
I-10000 inch. 

Diagrams.—Several typical load-deformation diagrams are ap- _ 
’ pended, showing the relation between the applied load as ordinates 
(not including the weight of the beam, which has already stressed 
the fibers when the instrument is read at zero load) and the defor- 
mation per unit of length as abscissas. From the readings of the 
extensometers (which it will be remembered were above and below 
the beam and hence have magnified values) the shortening of the 
upper surface of the beam was calculated, and this shortening was 
divided by the gage length, which was in the neighborhood of 
61 inches. This gives the compressive deformation per unit of 
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length marked “Upper fiber” on the diagrams. Similarly, the 
elongation of the beam at the level of the center of the steel rein- 
forcement was calculated, and this elongation divided by the 
gage length is marked “‘Steel” on the diagram. The calculations 
are based on the assumption that a plane section before bending 
remains a plane section after bending, and that the steel elongates. 
the same as the concrete at the same depth. Generally, the 
extensometers were taken off at the maximum load. The deflec- 
tions at the middle of the length of the beam are also shown, a 
second scale of abscissas being used for this. The upper part of 
the diagrams gives the successive positions of the neutral axis 
obtained under the same assumptions as above. The ordinates. 
denote this position in per cent of the distance from the top of the 
beam to the center of the steel reinforcement for the applied loads 
given on the scale of abscissas. The deformations and deflections 
are not generally shown beyond the maximum toad, but the 
beams were all tested to destruction. 

Table.—The table gives the stresses found in the steel rein- 
forcement and the resisting moment developed by the steel. at 
certain loads, as calculated by the methods and assumptions here 
described. The column ‘‘Load considered” is the applied load 
somewhat below the maximum load, and for which elongations 
and shortenings are definitely known, and hence is the load used 
in the calculations for the succeeding columns. The stress in 
steel is based upon the observed deformation for “Load consid- 
ered ’’ given in column headed “Total elongation of steel,’’ using 
the coefficient of elasticity found for the naked steel bars. The 
symbol m represents the distance of the neutral axis below the top 
of the beam. The position of the center of gravity or centroid of 
the compressive stresses is taken in the calculations to be four- 
elevenths of the distance down to the neutral axis. This position 
is the result of analysis which can not/be given here, and is close 
to the usual assumptions which take into account the varying 
relation between stress and deformation in concrete; and the 
difference between this position and that resulting from the 
assumption of a constant coefficient of elasticity need not be con- 
sidered. The moment of resistance of the beam, neglecting tension 
in the concrete, is found by multiplying the tension in the steel 
as found from the deformation and coefficient of elasticity by the 
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distance from the center of the steel to the centroid of the com- 
pressive stresses in the concrete, di; m, where d is the vertical 
distance from the top of the beam to the center of the steel rein- 
forcement. It is readily seen that since the compressive stresses 
here considered are equal to the tensile stresses of the steel, this 
calculated moment of resistance is the same as if the moments of 
the tensile and compressive stresses had been taken about the. 
neutral axis and added together. The method has the advantage 
that the compressive stress at the upper fiber does not enter into 
the equation. Of course it must be known in some way that this 
stress is within the ultimate strength of the concrete. The column 


Me gives the ratio of the resisting moment calculated as shown 
above to the bending moment at any point between the loads. 
The last column gives the same ratio with the bending moment 
augmented by the estimated proportion of the weight of the beam 
which the broken tensile fibers of the concrete has transferred to 
the steel. Further uses of the table will be apparent in the further 
references to it. It should be noted that for the Kahn bar on 
account of the somewhat smaller area of cross section just within 
the load points, due to the wings having been bent up, a com- 
parison of the maximum load carried by these beams with that 
of beams with other forms of bars should not be made on the 
basis of the tabulated amount of metal. This decrease in cross 
section of the bar has only a slight effect on the average deforma- 
tion for the gauge length used, and hence only slightly effects the 
comparisons made in this paper. 

General Phenomena of the Tests.—Four stages of flexure are 
noticeable during the application of the loads. Through the first 
stage, as the load is applied, the action of the beam and the changes 


. in deformations of upper and lower fibers are similar to those in 


plain concrete beams, modified of course by the metal reinforce- 
ment; and the resistance of the tensile stresses of the concrete is 
plainly apparent. When a load of about 4,000 pounds for 4-10 
per cent reinforcement and of about 6,ooo pounds for 1.5 per cent 
reinforcement is reached (equivalent to about 250 pounds per 
square inch tension in the extreme fiber of the concrete for its 
share of the applied load, and 350 pounds per square inch when 
the weight of the beam is considered), the second stage begins. 
The steel elongates more rapidly with the applied loading, there is 
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a similar increase in the compression of the concrete, the neutral 
axis rises, and there is a marked change in the character of the 
load-deformation diagram. While no cracks are visible to the 
naked eye at this second stage, it seems evident from the change 
in the diagram that much of the tensional value of the concrete 
has been lost. ‘This stage may be called the readjustment stage. 
During the third stage the increments of the deformation of the 
steel are closely proportional to the increments of the loads, as 
shown by the straight line of the load-deformation diagram, and 
the compressive deformations generally approximate a straight 
line. During this stage vertical cracks appear, generally quite 
numerous and well distributed along the middle third of the 
length of the beam, and grow more distinct; but this appearance 
is not accompanied by any change in the character of the load- 
deformation diagram. This stage continues until a point at or 
near the maximum load is reached, except with those beams 
having an excess of reinforcement. ‘The last, or stage of failure, 
begins at or near the maximum load. The beam deflects more 
and more, the load required to balance the scale beam becoming 
less and less. The steel stretches rapidly, the neutral axis 
changes position, and there is a more rapid compression of the 
upper fiber of the concrete, until finally the concrete crushes out at 
the top of the beam at a load less than the maximum and after 
the steel has stretched considerably beyond its yield point. The 
diagrams of Beams 14, 16, 17 and 19 show deformations beyond 
the maximum load. ‘The exception to the above is in beams 
having more than 1 per cent of metal of 55,000 pounds per 
square inch elastic limit, or more than’ 14 per cent of 33,000 
pounds elastic limit. In such beams the concrete at the top of 
the beam fails by crushing before the elastic limit of the steel is 
reached. In all the other beams the full compressive strength of 
the concrete was not developed at the maximum load. It may be 
noted that the deflection curve does not change its character until 
after the crook of the deformation diagram is well begun and 
again until after the yield point of the metal is passed, a result to 
be expected. 

Maximum Load at Yield Point of Metal—The observed 
deformations show that for beams not having an excess of metal 
(say not more than 1 per cent reinforcement with steel of 55,000 
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pounds per square inch elastic limit, nor more than 1} per cent 
with steel of 33,000 pounds per square inch elastic limit for the 
concrete used in this work) the maximum load is nearly reached 
when the steel is stressed up to its yield point, and the load at the 
yield point of the metal may properly be taken as the ultimate 
strength of the beam. Actually, the maximum load is somewhat 
greater than this, averaging about 6 per cent more for all the 
beams, and in one case reaching 15 per cent more than the load 
at the yield point of the metal. The table shows that for the 
points chosen, which are just below the yield point of the metal 
and somewhat below the maximum load, the resisting moment 
for the steel (calculated by multiplying the stress found in the steel 
by the distance to an assumed centroid of the compressive stresses 
of the concrete and thus taking into account an equal amount of 
compression) is in general approximately equal to the bending 
moment due to the load, and hence that the moment of the tensile 
stresses of the concrete is negligible. The exceptions to this are 
(1) in beams with light reinforcement and low elastic limit metal, 
in which case the moment of tensile stresses in the concrete and 
also added stress in the steel at the vertical cracks may possibly 
account for the deficiency in the calculated resisting moment; 
and (2) in beams with an excess of metal, in which case the centroid 
of the compressive stresses, after the stresses approach the ultimate 
strength of the concrete, is probably lower than the position 
assumed, and hence the real moment will be less than the value here 
given. However, it seems that within the usual limits of reinforce- 
ment (say from 4 to 14 per cent reinforcement with steel of 33,000 
pounds per square inch elastic limit, and to 1 per cent with steel of 
55,000 pounds per square inch elastic limit for this concrete) the 
‘calculated moment of the steel about the centroid of the com- 
pressive stresses is for the maximum load approximately equivalent 
to the bending moment, and no consideration need be made of 
tension in the concrete. 

Stresses in Second and Third Stages.—Several interesting 
characteristics are apparent in the second and third stages. In 
the steel diagram the crook or elbow of the second stage and the 
reversal of curvature just after are characteristic. ‘The increased 
elongation of the steel just after the crook seems to indicate that 
the concrete has broken in tension through a part of the depth of 
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the beam and that a part of the weight of the beam which had 
been taken by the tension in the concrete has now been transferred 
to make added tension in the steel. A line parallel to the load- 
deformation line above the elbow and tangent to the elbow lies 
above this line a distance equal to the amount of added load 
which may be expected from the beam. It is quite noticeable 
that during the third stage the load-deformation diagram is a 
straight line and that the increment of stress in the steel, calculated 
on the assumptions heretofore made, and hence its moment, is 
proportional to the increment of the load, though the stress in the 
steel is not proportional to the load. In fact, as may be seen by 
a study of the results, this increment in the resisting moment of 
the steel about the assumed centroid of compressive stresses is 
greater than the increment of bending moment of load; and in 
general for loads less than the maximum this resisting moment 
of the steel based on average deformation for the full gage length 
is considerably less than the bending moment. It seems probable 
that at the vertical cracks the steel is stretched enough more than 
the average deformation to give a stress which would make up 
the full amount of the bending moment. It is also found that for 
a load of 10,000 pounds the total stress in the steel is approxi- 
mately the same in all the beams (about 24,000 pounds), although 
there is a difference in area of the steel and a slight difference in 
position of the neutral axis found for these beams. There is a 
similar uniformity at 15,000 pounds and at 20,000 pounds load 
for beams carrying such loads, the total stresses in the steel being 
about 42,000 and 64,000 pounds, respectively. 

Conservation of Plane Section—Some doubt has been ex- 
pressed concerning the correctness of the time-honored hypothesis 
that a plane section before bending remains a plane section after 
bending, and the high results of tests of a special form of rein- 
forcement made by loading with bars/and brick has been cited in 
proof of the fallacy of this principle. To check its correctness, 
two extensometer devices were used on one side of the beam, the 
gage length being made the same in both cases by alternating 
the frames. One device had its contact points placed 11 inches 
apart vertically as usual, 1} inches below the top of the beam and 
t} inches above the bottom. In the other the upper points were 
applied at the usual position, 1} inches below the top of the beam, 
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_and the lower points were applied 8} inches below the upper 
_ points. In another beam the vertical distance between contact 
points of the second set was made 6 inches. Readings with the 
two pairs of extensometers were taken simultaneously as the 
loading of the beam progressed. From these observations two 
sets of values of the elongation of the steel and compression of 
the concrete were determined and also the resulting positions of 


_ the neutral surface. The results agree closely, perhaps as closely 


as the variations in the transmission of the interior deformation 
_ to the contact point could be expected to give. It should be noted 
that this agreement does not hold for loads under 3,000 pounds. 
In general, however, the neutral axis as determined by one pair of 
extensometers is a uniform distance below that determined by the 
other pair, the average variation above the elbow of the curve 


_ being .27 inch for beam No. 22, and .12 inch for beam No. 27. 


It should be noted that the measurements were made with an 
arrangement of loading for which the vertical shear is nearly 
zero between gage points, and hence that there was little to cause 


4 distortion of section. 


Position of Neutral Axis.—The successive positions of the 
neutral axis as determined for the various beams are shown on 
the diagrams. In general, the neutral axis may be said to rise 
during the second or readjustment stage, and then to remain in 
one position during the third stage until the maximum load is 
reached. For part of the beams the position of the neutral axis 
beyond the maximum load is shown, this position being higher 
than at the maximum load. For beams which developed the full 
compression strength of the concrete before the maximum load 
was reached, the neutral axis finally lowered somewhat. The 
neutral axis is in general lower than is given by several theories 
which have been proposed. The positions of the neutral axis 
during the third stage in beams with different forms of reinforce- 
ment agree fairly well with each other, as is shown by the diagram 
which gives the position of neutral axis for varying amounts of 
reinforcement. The writer has not been able to give much study 
to this phase of the matter, but the line k = 0.26 + 0.18p gives the 
position somewhat accurately where & is the proportional depth 
of the neutral surface and p is the number of per cent of the steel 
area, the depth from the top of the beam to the center of the steel 
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being used in both cases. Theoretical considerations indicate that 
the locus of the neutral axis should be a curved line, but its devia- 
tion from a straight line within the usual limits of reinforcement 
will be slight. The curved lines of this diagram are for calcu- 
lated theoretical positions for three ratios of modulus of elasticity 
of steel to modulus of elasticity of concrete. 

Value of Moment of Resistance.—It is no part of this paper 
to discuss formulas for strength of beams, but the equation given 
for position of neutral axis and the conditions found for maximum 
load suggest a method of calculation. The methods usually fol- 
lowed involve a calculation of the compressive stress in the upper 
fiber. The relation between deformation and stress in concrete is 
not definitely known and is probably variable. If it can be deter- 
mined experimentally or otherwise that a certain per cent of 
reinforcement is required to develop the full compressive strength 
for a given grade of concrete, then for a smaller area of reinforce- 
ment the value of the compressive stress at the upper fiber need 
not be considered in the calculations. For beams and loadings 
where other considerations do not govern, the resisting moment 
may be found by multiplying the total stress in the steel by the 
distance to the centroid of the compressive stresses. If the con~ 
dition herein shown, that a load only slightly less than the maxi-+ 
mum load for the beam obtains when the steel is stressed to its 
yield point, the elastic limit of the metal may be used for finding 
the ultimate strength of the beam. For the position of the neutral 
axis given above, the following equation for the value of the 
resisting moment of a rectangular beam would result, neglecting 
any tensile strength of the concrete, 


M= (0.906 — .065 p) AS d, 


where ~ is the number of per cent which the area of the steeli 
reinforcement is of the area of the cross-section of the beam 
counting down to the middle of the steel, A is the area of the steel, 
S is the stress per unit of area in the steel, and d is the distance: 
from the top of the beam to the center of the steel. For 1 per cent. 
reinforcement this would become .84 A S d, and for 14 per cent 
reinforcement 0.81 ASd. For the concrete in the beams of this. 
investigation the equations would hold if the reinforcement were 
not more than 1 per cent with metal of an elastic limit of 55,000 
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pounds per square inch, and not more than 14 per cent with 
metal of an elastic limit of 33,000 pounds per square inch. An 
investigation of the limit of reinforcement for concrete beams of 
quite a range of mixtures and strengths would be of service, and 
also the determination of the position of the neutral axis with such 


concretes and for other shapes than rectangular. The writer 
believes that investigations along such lines will give the best 


basis for calculations of the strength of reinforced concrete beams. 


Compressive Stresses—Little can be said here concerning the ~ 
compressive stresses in the concrete except to call attention again ~ 


to the fact that the full compression strength was not developed 


even with concrete considered by many to be too lean, except in © 


the case of beams having a large area of metal. It would seem 
almost that the ordinary formulas give a-larger compressive stress 
at the remotest fiber than actually exists there. The relation 


between stress and deformation near the crushing strength of © 


concrete is probably different from that assumed in such formulas. 
Shear and Adhesion.—It had been anticipated that some of 


these beams, particularly those having a large area of reinforce- _ 


ment, might fail by shearing or more strictly by diagonal tensile 
stresses induced by shear. As a means of counteracting this, a 
portion of the bars in beams with 1 square inch metal or more 
were bent upward outside the one-third points of the beam and 
inclined diagonally to points about 4 inches below the top at the 
ends. The Kahn bars of course were not treated in this way. 
In no case was there a crack or failure of the kind usually attributed 


to shear. Whether such failure would have occurred with the - 


bars continued horizontally to the end can not be told. 

There was no indication of slipping of the rods in the concrete 
even with plain rods. A series of tests made to determine the 
adhesive bond between plain rods and concrete gave for the size 
of rods used an average of 300 pounds per square inch of surface 
of steel. For beams of the dimensions and method of loading 
used, this would indicate for the two sizes used a factor of safety 
against slipping of 24} to 4 when the steel is stressed to 33,000 
pounds per square inch, and of 1? to 24 for steel of 50,000 pounds 
elastic limit when stressed to its elastic limit. For these beams, 
then, there is an ample margin against slipping. 

Plain Concrete—Diagrams of Beams No. 11 and 18 give load- 
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deformation diagrams for plain concrete beams. The deforma- 
tions are given for top and bottom fiber, the beam being 15 feet 4 
inches long, 12 inches wide and 134 inches deep, and loaded as 
were the reinforced beams. It will be seen that the neutral axis 
is very close to the middle of the depth of the beam. This would 
indicate that for this beam the coefficient of elasticity of concrete 
for tension and that for compression are approximately equal. 
Other Tests—Among tests made in connection with those 
described were a series of tests on plain concrete beams, tension, 
compression and shearing tests of concrete cylinders to determine 
relation between deformation and stress, and tension tests of 
reinforced concrete. The tests to determine the relation between 
stress and deformation were not complete enough to base con- 
clusions upon. Tests were also made on reinforced concrete 
beams by taking off the load at two or more loads and noting the 
deformations as the load was being removed and again put on. 
Conclusion.—It was found necessary by reason of limitations 
of floor space to reduce the number of beams for the several kinds 
and amounts of reinforcement below what was planned, and 
extensometer measurements were not obtained on three of the 
beams tested. However, the deflections and maximum loads of 
these three beams checked those of their mates very closely, and 
the general action and behavior of all the beams were so similar 
and uniform that the writer is disposed to place more reliance on 
the results of individual beams than he generally does in experi- 
mental work, and particularly more than can be placed on small 
concrete beams. While general conclusions are not to be drawn 
hastily or on slight evidence, the following deductions seem war- 
ranted for the beams and loading under consideration. 1. The 


_ composite structure acts as a true combination of steel and con- 


crete in flexure during the first or preliminary stage, and this stage 
lasts until the steel is stressed to say 3,000 pounds per square 
inch and the lower surface of the concrete is elongated say 
todo0 Of its length. 2. During the second or readjustment 
stage there is a marked change in distribution of stresses, the 
neutral axis rises, the concrete loses part of its tensional value, 
and tensile stresses formerly taken by the concrete are transferred 
to the steel. During this stage minute cracks probably exist, quite 
well distributed and not easily detected. 3. In the third or 
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straight-line stage the neutral axis remains nearly stationary in 
position and the concrete gradually loses more of its tensional 
value. Visible cracks appear and gradually grow more distinct 
though no change in the character of the load-deformation dia- 
gram results. It would seem probable that at these cracks the stress 
in the steel is more than is indicated by the average deformation 
for the full gage length. 4. In beams with the metal reinforcement 
small enough in amount not to develop the full compression strength 
of the concrete, the maximum load is reached or nearly reached 
when the metal is stretched to its yield point and the tensional value 
of the concrete is here negligible except with light reinforcement, 
and the load at the yield point of the metal may well be considered 
the full strength of the beam. The later crushing of the concrete 
at a smaller load is the effect of the rapid stretch of the steel. 
5. So far as strength of the beam is concerned, the load when the 
steel is stressed to its elastic limit seems the proper basis for the 
factor of safety and working load. 6. So far as strength of beam 
is concerned, steel having a high elastic limit is advantageous, it 
being assumed that there is sufficient provision against the slipping 
of rods and shearing failures. 7. The determination of the limit 
of reinforcement which may properly be used with different mix- 
tures and grades of concrete may best be decided by experiments 
on beams made to determine this. For the 1-3-6 concrete used, 
reinforcement as high as 14 per cent for steel of 33,000 pounds 
per square inch elastic limit and 1 per cent for steel of 55,000 
pounds per square inch elastic limit may be used without devel- 
oping the full compression strength of the concrete. 8. With those 
beams having sufficient metal to develop the full compression 
strength of the concrete, the calculated resisting moment of the 
steel and concrete is in excess of the applied bending moment, 
which indicates perhaps that the center of gravity of the com- 
pressive stresses is much lower than when the compressive stress 
is well below this limit. 9. There was no marked difference in 
results found for the different forms of reinforcing bars used. It 
is assumed here that the beams are subject to simple flexure and 
that provision is made against shearing stresses and slipping of 
bars. The assumption that incased steel acts with the same 
coefficient of elasticity as naked steel has not been established 
and may not be true. However, the yield point of the metal is 


TALBOT ON TESTS OF REINFORCED CONCRETE BEAMS. 489 


closely shown by the load-deformation curves. It should be added 
that experiments like these here described show the necessity for 
a full experimental investigation of reinforced concrete. 

The University of Illinois purposes issuing a bulletin giving 
the results of these tests in detail, and plans are being made for 
extending the investigation. It should be said that the work of 
making these tests was done principally as thesis work, and that 
Messrs. R. V. Engstrom, F. E. Mills, S. D. Brown and R. J. 
Blackburn, of the Class of 1904, are entitled to credit for the 
care, thoroughness and untiring interest given to the investigation, 
and are to be commended for their skill and thoughtfulness. 
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TESTS ON REINFORCED CONCRETE BEAMS. 
By F. E. TuRNEAURE. 


Scope and Object of the Tests—During the year 1902-3 a 
series of experiments on reinforced concrete beams were made in 
the laboratory of the University of Wisconsin, from which the 
most important result obtained related to the early appearance of 
cracks in the concreze. To verify these results and to carry on 
studies in other directions a second series of tests were made 
during the past winter. These were conducted under the direction 
of the author by Messrs. J. M. Gilman and G. E. Kahn as a thesis. 

It has not been possible to work up the data of these tests 
completely for this paper, but it has been thought worth while to 
present the results as far as they concern: (1) the early cracking 
of the concrete; (2) the position of the neutral axis at different 
stages of the test; and (3) general results as to strength of beams 
reinforced by different methods and loaded in different ways. 

Description of Test Beams.—Table No. 1 gives a compre- 
hensive statement of the character of the principal test beams. 
The concrete, as noted, was a 1-2-4 mixture, all ingredients being 
proportioned by weight. Vulcanite cement was used, good coarse 
sand, and a crushed limestone of ?-inch size and smaller, the very 
fine dust being screened out. Enough water was used to make the 
mass easily put in place with a very small amount of tamping. 
All these beams were 6 by 6 inches in section and about 64 inches 
long (span length 60 inches). The rods were spaced from } to 
1 inch from the bottom. Where bent rods were used the bend 
occurred ro inches from the center, beyond which point the rod 
was carried up to within ? inch from the top of the beam at the 
support. Stirrups were made of 3-16 inch round rods and spaced 
in pairs 3 inches apart except at the center, where for a distance of 
12 inches no stirrups were used. 

All beams were left in the molds for 48 hours, during which 
time they were covered with wet cloths. After removing from the 
molds they were stored in running water at a temperature of about 
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60° F. until about four hours before testing. The particular object 
of thus storing the beams was to enable minute cracks to be more 
readily detected, in accordance with our experience of the previous 
year. 

Compressive Strength of Concrete——Compressive tests were 
made of cubes of each batch of concrete used. Three-inch cubes 
were tested generally, and additional four-inch cubes in some 


TABLE I. 
ALL BEAMS OF 1-2-4 CONCRETE. 6’ x 6” x 60” SPAN. 
No. of Kind of Size of No. of Method of Per Cent 
Beam. Rods. Rods. Rods. Reinforcing. Reinf. 
To Al Wieser INDE OAS arreka Es ee ares ceni| cites co Wlltedsce token tee eae sure ° 
Riso whats acs Plain round.) % inch 4 SIeenbedstipn qo. doce 1.07 
O= Lala | . Aili 2 SS GS ako te 0.97 
MeO ski, re rs 4 2 straight and 2 
ibentaipre pete 1.07 
T¥=20 2.25) | a ees 4 All straight, with 
StIErUps | tests 1.07 
21-24 ..... ef ee 4 2 straight and 2 
| bent, with stirrups} 1.07 
25-28 20... idhusontes <1 cs ak meen nr Shep Nees hos. Gell e gete 
OB 2 te mics 5 Ransome...) 73: | 2 Bia e ES ae | 0.98 
Bo=3 Our cee Rhateher sna. 2 Seeman once oases 1 Org 7, 
CW fe Kok ieee Plain round.| 2 ‘ 4 All straight, with 
StImnUpS ener 1.07 


cases. The results as to strength are given in Table III. The 
measurements of distortion proved very unsatisfactory, so no values 
of the modulus of elasticity can be given. 

Tests of the Steel Used.—Table II gives results of tensile tests 
on the different kinds of steel used. ‘The elastic limit was deter- 
mined by the ‘“‘ Drop of the Beam” checked by the use of dividers 
- on the test specimen. A plain bar was purposely selected of a 
very high elastic limit. 

Apparatus and Methods of Testing.—About one-half of the 
beams were tested with a center load and one-half with two equal 
concentrated loads placed at the third-points, thus giving a uniform 
bending moment over a length of 20 inches. The beams tested 
by the first method were one-month beams, those tested by the 
other method were three-month beams. All beams were tested 
with the tension side uppermost in order that observations for 
cracks could be readily made. 
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In both series the central deflection was carefully observed 
by micrometer measurements on both sides of the beam. In the 
second series measurements were also made of longitudinal defor- 
mations at top and bottom over a length of 14 inches. The 
apparatus for the latter purpose was specially constructed. It 
consists of two sets of frames clamped against the sides of the beam, 
one set carrying four graduated dials with pivoted pointers. Very 
fine copper wires are made fast to posts on the other frames and 
led over small pulleys attached to the pointers. Small weights 


TABLE II. 


TENSION TESTS OF STEEL. 


ind of Rod, | Nagel | Bieta 1 aes 
Platnr Oud weenacrsys teats % inch. 75,000 105,000 19.4 
< OS Rots aetna. 6 , ae 75,000 93,000 17.0 
Mhateher 2. cows swecselere +e 45,000 62,000 16.2 
OhnSOn penne: ae 59,000 92,500 18.7 
Ransome arr. asco 1) ales Boe 73,000 88,500 10.0 


serve to keep the wires taut and to furnish the necessary friction to 
operate the pointers. The dials are graduated to read 6.001 inch 
directly and o0.ooo2 inch by estimation. Distortions are thus 
measured on four lines. This apparatus proved very satisfactory 
and was entirely reliable. 

Careful observations for cracks were made and our experience 
of the previous year enabled them to be detected at a very early 
stage. It had been found by testing the beams when somewhat 
moist a crack is made visible when exceedingly small, it appearing 
first as a narrow, wet streak perhaps 4 inch wide, and a little later 
as a dark hair-like crack. It was not necessary to search for the 
lines with a microscope, as under these conditions they were readily 
found. 

That the wet streak, called a “water-mark”’ hereafter, shows 
the presence of an actual crack was demonstrated last year by 
sawing out a strip of the concrete containing such a crack. The 
strip fell apart at the water-mark. 
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DIAGRAM SHOWING RESULTS OF TESTS OF REINFORCED CONCRETE BEAMS. 
Curves of Deflections, Elongations, and Position of Neutral Axis. 


Notr.—Deflections and elongations are referred to the scales at bottom of diagrams. 
Position of neutral axis is referred to the scale at top of diagram, 

All beams, 6x6 in., by 60 in. span, tested at three months. The above beams were 
reinforced with plain round rods, 

W M indicates the point where the first ‘‘water-mark’’ was observed, 

C indicates the point at which the first crack was observed. 
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Diacram SHowINnc Resutts or TEsts oF REINFORCED CoNCRETE BEAMS. 
Curves of Deflections, Elongations, and Position of Neutral Axis, 


NotE.—Deflectioas and elongations are referred to the scales at bottom of diagrams. 
Position of neutral axis is referred to the scale at top of diagram, 

Beam 26 reinforced with Johnson bars. Beam 36 reinforced with Thacher bars. 

Beam 30 reinforced with Ransome bars. Beam 40 reinforced with plain round rods. 

W M indicates the point where the first “‘water-mark"' was observed. 

C indicates the point at which the first crack was observed, 
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. Resulis of the Tests.—Table No. III and the several diagrams* 
give the principal results of the tests. In Table No. III (a) are 
given the loads at rupture and the observed extensions of the 
extreme fiber of the concrete at the appearance of the first water- 
mark and also at the time when the first crack became plainly 
visible as a crack. The compressive strength of the concrete is 
given as determined from the average of the tests. In Table III (b) 
is given the same information, excepting that the extensions are 
here calculated from the deflections, assuming the form of curve of 


TABLE III (a). 


THREE-MonTH Beams. (DouBLE Loaps.) 


Proportionate Extensions 
as Measured. Compressive 
No. of Beam. Load at Strength of 
| Rupture. H Concrete. 
| At First : At First 
Water Mark. : Crack. 

8 | rat ee i Se ert 7,700 _ ,OOOTT .00064 4,250 
Rane A cer oy. Cue a ia 7,700 .00034 ; .00034 Parr 
TiS) BA ERR Cee EEG Ae 7,900 .00024 ; .00046 5 
Tel ig BON te pey Set Meee Sickle TO,2OOM A eet tc cs 09050 
FOE Seis Sa ieraie tiie ahs 8 TO;VOOVMElmacro. o artic i 00032 2,800 
7M ES As eee. ded Coe star 10,200 .00025 : .00065 : 
DAMM a) Mec eee oie ne 9,200 .00018 =| = .00048 775 
ZO] Aen ae ayer es 10,200 .00016 i .00056 Por 
Dee ts fsusckh rae teeates mice teue 8,700 .00013. | + .00040 3 
BOM Roe ste shes seaeye ee tt 9,700 .000I2 ! .00064 
Ber ee Retrial ate a ore ween a bbs H hoa. :  .00050 aNoe 
RO ws ace rersops nie tatace ro Tuoi 7,400 .00028 tee 
HT Nal ea ey os Sah 7,340 .00025 | .00050 3,850 
BRr Dey cee a ee meetin e EZTOO byl|isusrstawyerick .00006 
BOE Per ratchet sop ae sists 9,580 Syabetiar ans os .00050 3,850 


the beam to be the same as in the usual theory of flexure and the 


neutral axis to be in the center of the beam at this stage of the test. 
In the diagrams are plotted the deflections, the proportionate 
extension of the steel and compression of the extreme compressive 
fiber, and the deduced location of the neutral axis assuming plane 
sections, for one beam of each kind tested. The appearance of the 
first water-mark and of the first crack are also noted on the deflec- 
tion curves. 


* Acknowledgment is made to the Engineering News for the cuts 
used in this paper.—Ep. 
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It will be noted from these tables that the elongation of the 
concrete at the time of the first visible crack is in many cases as 
small as 0.00035 inch., which is considerably less than that given 
by previous observers. And if we take the water-mark as indicating 
the presence of a crack not yet visible the elongation of the concrete 
is seen to be usually between 0.00010 and 0.00020 inch. 

The calculated elongations of Table III (b) are subject to 


TABLE III (b). 


One-MontH Beams. (CENTER LoaDs.) 


Proportionate Elongation 
No. of Beam Load at ee brian Woe poise as 
‘ Rupture. Concrete 
At First At First 
Water Mark. Crack, 
Ci h  Pepane oo cc pcan MOOG! ail'sacrenerrornesere .00013 
7d SISA O 3.0 PHOTON OT leer» leoonan ad te .OOOIL Eich 
Cy) bead tno omgnnoccc Selo No sosoco cat .OOOI4 
a eco Alorenorttg Ghaatericts 6. 6 kere lode maaan on .000I0 }: ae 
| fool emcee MAI e Ia: 8,100 .OOO15 .00056 
Gey aarisneint smicer ees 5,700 .00020 -00031 350° 
Lt DUiatsa.cs cco cn AM 5,000 sOOO14 .00018 
cp cats 3 Shhic GicOeEO oeedo 5,500 -OOOTI .00048 ae 
TG AEY eintwe laecarr acne uate eek 7,300 .00007 .OOOTT 
be Haas ea ReaD Hes accor) EES 6,400 .00009 .ooorl | 21350 
BBD yrathe a airacteids cep 5,500 .00020 abe 
CP erro. 8 Gens CROCE aS 6,250 .00027 .00049 Oe 
Biel iete acim ie title stolaetse 6,400 .OOOIL .0003I 
AGell) sata Qosls noo peanwen 6,460 -00009 .00048 27308 
Fi) nes od ancnoudooes 8,125 .OOOI1Q -OO100 
BR ete ral aitteyctatche: sone 7,880 .00012 .00083 sha os 
Clow Noe Geta ana cae Oe 5,000 .00013 .00053 
Ba enemys hare eteieis, syesiaters 5,200 .00021 .00095 J | 3,150 
BIO Cea eer eitios conan eas 8,250 .00023 .00053 | | 
BUND has Me ctraed eas 6,700 .OOOIO0 .00033 25 (40 


* Three months old. 


some uncertainty, but for the early stages of the test they cannot 
be far wrong. A similar method of calculation applied to the 
three-month beams gives results agreeing very closely with the 
observed values up to an elongation of about 0.0003 inch. Above 
this the calculated values become too small owing to the change in 
position of the neutral axis. In general the first water-mark of 
Table III (b) was more carefully observed than in the tests of 
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Table III (a), as the extension apparatus interfered somewhat in 
the latter case. In the plain concrete no water-marks or cracks 
were observed before rupture. Comparing the observed and calcu- 
lated elongations of the reinforced concrete with those for the plain 
concrete at rupture it will be seen that the initial cracking in the 
former occurs at an elongation practically the same as in the latter. 
It will also be noted on the diagrams that the initial cracking as 
shown by the water-marks usually begins about where the curves 
begin to change direction rapidly. 

The significance of these minute cracks is an open question. 
It has been supposed that concrete reinforced by steel will elongate 
about 10 times as much before rupture as plain concrete. These 
experiments show very clearly that rupture begins at an elongation 
about the same in both cases. In the plain concrete total failure 
ensues at once; in the reinforced concrete rupture occurs gradually, 
and many small cracks may develop so that the total elongation at 
final rupture will be greater than in the plain concrete. In other 
words, the steel develops the full extensibility of a non-homogeneous 
material that otherwise would have an extension corresponding to 
the weakest section. 

The presence of these cracks of course seriously affects the 
tensile strength of the concrete, and as they appear at an elongation 
corresponding to a stress in the steel of 5,000 pounds per square 
inch or less, it would seem that no allowance should be made for 
the tensile resistance of the concrete. Furthermore, if such cracks 
are present the calculation of the tensile resistance of reinforced 
concrete by the method used by Considére leads to no useful result. 
In his tests Considére determines the stress in the steel from measure- 
ments of its elongation and then assumes the concrete to carry the 


“remainder. Assuming the value of E to be uninfluenced by the 


concrete, this would be correct so long as the stress in the steel and 
in the concrete is uniform between points of measurement. As 
stated by Considére himself, such results are only average values. 
But the concrete may be cracked entirely through and yet possess 
a very considerable average tensile strength over a length of several 
inches. Obviously in that case an average is of no value; the 
strength of the concrete is really zero. 

In practical design the most important question which arises 
is how far a concrete may be cracked without exposing the steel to 
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corrosive influences. In this respect it seems to the writer that the 
minute cracks which appear in the early stages of the tests can have 
very little influence. However, the entire question of the effect of 
cracks and pores in the concrete on the corrosion of the steel needs 
careful investigation. 

The Position of the Neutral Axis.—The diagrams show the 
neutral axis to lie at first very near the center of the concrete beam. 
As the cracks develop it moves gradually nearer to compression 
side. It should be noted that the neutral axis as here found, by 


TABLE IV. 


MoMENTsS OF RESISTANCE OF BEAMS. 


Actual Area of Calculated 
Moment of Steel. Stress in 

Beam. Resistance. Square Steel. Pounds 

Inch-Pounds. Tnches. Per Square Inch. 
ey ne TOs oicLg cesencourea 104,000 / 61,000 
Oe Warps bate oc aha ee eaten ce) 385 { 46,000 
Out eos chicos DR eRe 79,000 \ { 52,000 
HOST 2 Janet bicctta sic.cae hee 78,000 J “35 52,000 
TSE Sih Wisi ee sistenys cuted Ry ee sialon | 8 { 61,000 
LENS ORES cn igs Be me eee PRE EA re See Teh 104,000 J | »3°5 61,000 
LET YS 3 kcal oo nope Rance Oiee eS phos 0 ea 8 { 52,000 
QAEDA Gre a ccbence eaarics CRN Maree 97,000 J | *3°5 57,000 
BS 27M acral Makaian ae Sot ean 96,000 ) | { 70,000 
BOVASIN Mes uces coyote orn saitiens irene nes 95,000 J | "Se 70,000 
OB WR OETA, Roa Manan a sets eee 120,000 | { 78,000 
EKOW IE TSI 2d SAU aN Gyan ePID Gro coon 95,000 J 35 62,000 
Baek Liat fy twit.c Bore since ae aete oa’ { 52,000 
Eyre hH OD A Ale asta at ad sp ane Ss. 74,000 § | “35 50.000 
Ben OID are tute ae ps Coey et ene ceonga 8 { 65,000 
BS AOR PE Staten site eco NCTC ek OTR 113,000 J | 3°5 65,000 


measuring deformations over a length of 14 inches, is the average 
neutral axis over this distance. Where a crack exists the elongation 
per inch of the steel is more than elsewhere, and the neutral axis is 
therefore nearer the compression side than is the average position. 

Ultimate Strength of the Beams.—In ‘Table IV are given the 
ultimate moments of resistance of the beams and the resulting 
stress on the steel as determined by calculation. In this calculation 
the center of pressure of the concrete is assumed to be five-eighths 
of the distance from the observed neutral axis to the outside surface, 


¢ 
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corresponding to a parabolic variation of compressive stress. (The 
assumption of a straight line variation would change the calculated 
values only about 2 per cent.) The average of the two results for 
the one-month beams is given first in each group and that for the 
three-month beam just below. These calculations indicate that the 
full elastic limit strength of the Johnson and the Thatcher bars 
was developed and probably of one or more of the Ransome bars, 
but that in the other cases failure occurred before the elastic limit 
was reached. 

The stresses in the bars as here calculated, and which cannot 
be greatly in error, will be seen to be in nearly every case much 
higher than would be deduced from the observed elongations of 
the steel as given in the diagrams, using the usual modulus of 
elasticity. Thus in the case of beam No. 12 the elongation at 
rupture was o.oo1r5 inch. Assuming a value of E of 29,000,000, 
the stress would be 33,000 pounds per square inch, whereas the 
calculations from the actual moment give a stress of 53,000 pounds. 
The discrepancy is doubtless due partly to the fact that the calcu- 
lations from the elongations cannot give the maximum stress on 
the rods, but it is impossible that all of the difference can be 
accounted for in this way. There must have been a large initial 
tension in the rods which of course would not be indicated by the 
extensometer readings. As the beams were hardened in water 
such initial tension is very probable. 

In but a few cases was the failure free from the influence of 
shearing stresses, the rupture usually occurring outside the load 
and on a diagonal line. Ina few cases, after the cracks had opened 
up well, the concrete failed in compression. The maximum com- 
pressive stress in the concrete, calculated on the assumption of a 
‘parabolic law, ranged from 2,100 pounds per square inch for the 
weakest beam to 3,000 pounds per square inch for the strongest. 
No trouble was experienced from the slipping of the rods, except 
in one case where they had become displaced in the molding. 


TESTS OF REINFORCED CONCRETE BEAMS. 
By EpGAR MARBURG. 


A series of tests on reinforced concrete beams has just been 
completed in the testing laboratory of the Civil Engineering 
Department of the University of Pennsylvania. ‘These tests were 
made the subject of a joint thesis on the part of four members of 
the Senior Class, Messrs. George Freeman, Jr., Thomas Hoven- 
den, H. M. Peirson, and A. C. Toner. The programme was 
planned and executed under the direction of the writer. 

Scope of Tests.—The beams were made and tested under 
conditions as nearly identical as practicable in every respect, ex- 
cept span and character of reinforcement. Twenty-five 8 x 8-inch 
beams of 1-2-4 broken-stone concrete were tested at the age of 30 
days under central loading—twelve on an 8-foot span, thirteen on 
a 5-foot span. The lengths out to out were 8.5 and 5.5 feet. The 
concrete was both plain and reinforced, the reinforcement con- 
sisting of plain square rods, and rods of the Johnson, Ransome and 
Thacher types. The rods were nominally 4 inch square, although 
the actual net sections varied from 0.18 to 0.255 square inch for 
the various types. Three rods were imbedded in each beam with 
centers 1 inch from the bottom surface. Laterally the two side 
rods were centered 2% inches from the middle rod. The percentage 
of metal to the total cross-section varied from 0.84 to 1.19 per cent. 
Various collateral tests were made to which further reference 
will be had hereafter. The specimens for these tests were all of 
the same composition as the beams and were tested at the same 
age, 30 days. | . 

Materials —The cement used was Atlas Portland, purchased 
on the open market. The tensile strength, neat, in pounds per 
square inch, was 337 at 1 day, 629 at 7 days, and 793 lbs. per sq. 
in. at 30 days, each value being the average of six tests. The 
mean departure from the average value was 3.8, 4.5 and 3.4 per 
cent, respectively, for the three sets. The determination of fine- 
ness showed the following residues: On No. 50 sieve, 0.5 per 
cent; on No. 100 sieve, 4.8 per cent; on No. 200 sieve, 22.4 per 
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cent. The time of initial set, determined by means of the Vicat 
needle, ranged from 23 to 25 minutes for three observations. Pat 
tests in air and water gave normal indications. 

The stone was ?-inch trap-rock from Glen Mills, Pa., and gave 
the following residues: On sieve of #-inch mesh, 0.64 per cent; 
on sieve of 4-inch mesh, 35.5 per cent; on No. 6 sieve, 92.5 per cent. 

The sand used was a good quality bar sand from the bed of 
the Delaware River at Bordentown, N. J., and gave the following 
residues: On No. 20 sieve, 2.8 per cent; on No. 30 sieve, 11.8 
per cent; on No. 50 sieve, 59.6 per cent. 

Mixing and Molding.—The materials used for the concrete 
were proportioned by measure: 1 part of sand to 2 parts of cement 
and 4 parts of broken stone. To avoid variations in the quantities 
of cement due to differences in the degree of compacting, the stand- 
ard volume was weighed and the quantities were afterwards deter- 
mined by weight. The cement and sand were thoroughly mixed 
dry by shovel to an even color, and 16 per cent (of their combined 
weight) of water was then added. The mortar was turned until it 
was of uniform consistency, and the broken stone, previously 
dampened, added. The concrete was turned until the stones were 
thoroughly coated with the mortar. The concrete was rammed 
into the molds by means of a 27.5-pound rammer with a flat bottom 
face 6x 84 inches. Great care was taken to insure accuracy in 
placing the rods. The thickness of the bottom layer was fixed by 
means of a template. The rods were then introduced, concrete 
added, and gently tamped, more concrete added and thoroughly 
rammed as above described. 

The water rose freely to the top during ramming. A wet 
mixture was chosen to insure solidity and uniformity of the con- 
crete, and the adhesion of the imbedded rods. No voids appeared 
in the fractured surfaces of any of the broken specimens, and the 
bond between the rods and the concrete was continuous and appar- 
ently perfect. 

The specimens were stored in the laboratory at a temperature 
of about 70° F. The 8-foot beams were left in the molds for 
about a week, the 5-foot beams for about three days. No measures 
were taken to keep the surfaces damp during hardening, and no 
visible shrinkage cracks developed. The weight of the concrete 
was about 154 lbs. per cu. ft. 
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Wooden molds of two types were used. The one hinged 
longitudinally along a central line at the bottom, the other with 
one removable side-piece. The latter proved more convenient. 
In both types the end-pieces of the molds were detachable. 

Specimens were also prepared for compression, tension and 
adhesion tests, which will be described in more detail hereafter. 

Bending Tests——The beams were supported at the ends on 
straight, rounded, steel saddles, grooved on the bottom and resting 
on curved, rounded bearings. The load was applied through a 
straight, rounded bearing at the center acting on a steel bearing 
block 2 inches wide and 8 inches long, flat on the bottom and having 
a rounded groove at the top, curved in a plane normal to the direc- 
tion of the beam. ‘Thus there was perfect freedom of adjustment 
at the bearings, and the influence of eccentric loading was practi- 
cally eliminated. 

The load was applied to the reinforced beams in increments 
of 500 lbs. In the case of the two unreinforced beams, the 
load increment was 250 lbs. for beams U%, and 200 Ibs. for 
beam U8. The deflections were read at the middle of the span on 
both sides of the beams by means of a pair of micrometer screws 
reading direct to 0.coor inch, supported in a yoke clamped to the 
beam in the plane of the rods. ‘These screws made electric contact 
at the center of a pair of longitudinal steel bars supported by clamp 
screws attached to a yoke directly above the end bearings and at or 
about the neutral plane of the beam. These bars were pivoted at 
one end, and allowed to slide freely on rounded pins at the other. 
As a matter of fact, no such longitudinal movement could be dis- 
cerned as the tests progressed. To minimize the chance of error 
every reading throughout these tests was made independently by 
two observers. 

In the tables following the beams are designated by the initial 
letters of their reinforcement: P stands for plain rods, J for 
Johnson, R for Ransome, and T for Thacher rods. U indicates 
unreinforced beams. The exponents denote the spans in feet and 
the subscripts the running numbers of the tests in each individual 
set. 

The first indications of failure were in the form of very fine 
hair-line cracks, transversely across the bottom of the beam for a 
length of one to two inches. The first to appear were 1 to 4 inches 
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from the center. On increasing the load others soon appeared at 
various points across the bottom up to 10 inches on both sides of 
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the center. These cracks widened and lengthened for a few hun- 
dred pounds increment of loading, and then in the majority of 
cases remained stationary. In the case of beam R& and R&, for 
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Broadly speaking, final failure occurred in four different char- 


acteristic ways designated in 


. 
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the table by the numerals 1, 2, 3 and 4, 
efly as follows 
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which may be described b 


Pi |, 


MARBURG ON TESTS OF REINFORCED CONCRETE BEAMS. 513 


1. By a diagonal crack starting at the plane of the rods and 
running up to the center at the top at a mean angle of about 30° 
with the horizontal. 

2. By a vertical crack starting by the enlargement of a hair- 
line crack running across the bottom and up the sides not more 
than 4 inches from the center. 

3. By a sudden diagonal crack from the center at-the top to the 
end support at the bottom. 

4. By crushing at the center at the top of the beam. 

Failure occurred by method 1 in 12 cases, by method 2 in 7 
cases, by method 3 in 2 cases, and by method 4 in 4 cases. 

In case of failure by method 1 the diagonal crack developed 
more or less suddenly. In some cases this crack extended to the 
bottom of the beam and across the same. More commonly, how- 
ever, it continued, from the point where it reached the plane of the 
upper surface of the rods, along this plane. 

In the case of failure by method 4 there were also indications 
of failure by method 2, but the vertical cracks near the bottom 
ceased to develop after crushing began at the top. 

The manner of failure in each case is described more minutely 
in Table I. In beam P$the rods slipped immediately before final 
failure. In beams PS and T3, the adhesion between the rods and 
the concrete was broken by the crack along the plane of the rods. 
The rods in these beams slipped in consequence, but after (not 
before) final failure. In none of the other beams was there any 
longitudinal movement of the rods. Careful watch was kept on 
such movement by observing the ends of the rods. 

The load-deflection diagrams for these beams are shown in 
Fig. 1 for the 5-ft. beams and in Fig. 2 for the 8-ft. beams.* In 
the case of beams R# and R§ the load was released after each 
reading, and the permanent set obtained as shown in the dia- 
grams of these beams. 


TABLE I.—MANNER OF FAILURE OF BEAMS. 


Number Method 
f f DESCRIPTION OF FAILURE. 


aay Batkice: 

Pi I Diagonal crack at bottom, 12 inches from center, running 
to center at top. Secondary crack running from first 
crack toward end in plane of rods. 


*Acknowledgment is made to the Engineering Record for the cuts 
used in this paper. 
33 
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Number 
of 


Beam. 


P3 


Method 
oO! 
Failure. 


I 


TaBie I.—Continued. 


DESCRIPTION OF FAILURE. 


Diagonal crack at bottom, 6 inches from center, running 
to center at top. Rods slipped. 

Diagonal crack at bottom, 15 inches from center, running 
to center at top. Sccondary crack running from first 
crack toward end in plane of rods. 

Diagonal crack at bottom, 11 inches from center, running 
to center at top, where crushing occurred. 

Hair-line crack at bottom, 4 inches from center, widened 
and ran a short distance up side; final failure occurred 
by crushing of concrete at top. 

Similar to P2, except that hair-line crack started at 
center. 

Hair-line cracks at bottom, 1o inches each side of center, 
ran up side a short distance. Final failure by sudden 
diagonal crack from center at top to end support. 

Sudden failure by Cae crack from center at top to 
end support. | 

Sudden failure by two diagonal cracks on same side of 
center, 15 and 22 inches from the center, running froma 
plane of rods to center at top. 

Sudden failure by diagonal crack 18 inches from center, 
running from plane of rods to center at top, and crack 
in plane of rods from first crack toward end. 

Many hair-line cracks along bottom. Concrete crushed 
at top. Secondary diagonal crack. 

Several hair-line cracks on sides. Diagonal failure crack 
12 inches from center running from plane of rods to 
center at top. Irregular cracks in plane of rods. 

Diagonal crack 13 inches from center, running from plane 
of rods to center at top. 

Many hair-line cracks on bottom. After ultimate load 
was reached, diagonal cracks appeared 14 inches on 
each side of center’ 

Sudden failure by diagonal crack 17 inches from center, 
running from plane of rods to center at top. Secondary 
crack running from first crack toward end in plane of 
rods. 

Irregular diagonal crack 22 inches from center at bottom 
to center at top. Two large cracks across bottom 15 
and 17 inches from center. 

Many hair-line cracks. Concrete crushed at top. 

Diagonal cracks 9 inches from center on both sides at 
bottom toward center at top. Secondary crack run- 
ning from first crack toward end in plane of rod. 
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TaBLe I.—Continued. 
Number Method 


of of DESCRIPTION] OF FAILURE 
Beam. Failure. 
4 T2 2 First hair-line cracks 3 inches from center increased and 
. ran up toward center at top. 
; T3 2 Same as T? crack, 4 inches from center. 
60 2 Same as T? crack, 2 inches from center. 
, T$ 2 Same as T$ crack, 4 inches from center. . 
: T3 2 Same as T$ crack, 2 inches from center. 
: Ui 2 Sudden failure, by vertical crack 2 inches from center. 
Uz 2 Sudden failure, by vertical crack, 4 inches from center. 


4 


Table II shows, (1) the loads at which the hair-line cracks 
were first observed; (2) the loads at which the failure crack became 
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IDa he 30 | Not observed | 10,500 | 10,500 | Not observed | .1638 
Poe, 29 | Not observed| 9,290] 9,290 | Not observed | .1485 
ieee 30 | Not observed | 11,720 | 11,720 | Not observed | .1687 
eros 31 | Not observed | 8,000] 8,125 | Not observed | .3868 
LEE 30 5,500 7,000 | 7,500 .2816 | .4480 
Pees 30 5,500-6,000 | 6,750| 7,280 .2814-.3287 | .4684 
Ay 30 9,500 | 11,370 | 11,370 -1409 | .1856 
Ae 30 | I0,000-10,500| 12,000 | 12,000 .IZ319—.1438 | .1776 
Wye 30 6,500—-7,000 | 10,300 | 10,300 .0743—.0846 } .1675 
Ip 30 | 10,000-10,500} 10,725 | 10,725 .1475-.1618 | .1618 
Nine .| 30 4,000-4,500| 9,090] 9,160 -1499-.1806 | .6415 
Jia earl sO: | 6,000} 7,950] 8,110 -3359 | -4952 
REL 30 | 9,500—10,000 | 10,430 | 10,430 -1423-.1628 | .1628 
RP 30 8,000-8,500 | 11,020 | 11,020 .1036-.1175 | .1958 
Roh 31 7,500 | 9,000} 9,000 -I040 | .1671 
R,*....| 30 §,500| 7,390] 7,390 +2935 | -4964 
Ree Seal as° 6,000] 8,750] 8,780 .2817 | .6229 
Bak’ 30 6,500 | 8,000} 8,520 .0887 | .1895 
Tz. 30 6,500 | 10,780 | 11,240 .0768 | .2283 
One 30 6,500 | 10,000 | 10,180 .0770 | .1974 
eee 30 5,000-5,500 | 6,150] 6,370 .2213-.2599 | .3933 
Abas 30 SOO YA L30 || 7.200 .2512 | .4266 
te Ss 30 | 5,000-5,500| 6,400} 6,850 .2370-.2769 | .5080 
U;5. BOT ieee wit Potalaetyeniioiele-isues B92 30'}| (00 eos ceive tye echt .0063 
Waicn. Eke ERG SEMA Cac ee DOW chiles ee von ck peri .0126 


clearly apparent; and (3) the ultimate loads. The deflections 
corresponding to the first and second loads are also given. The 
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hair-line cracks, which were exceedingly minute and appeared first 
at the bottom of the beams, escaped detection in beams P$, PS, PSand 
P® which were the first beams tested. In all of the remaining 
reinforced beams a careful watch was kept on the appearance of 
these minute fissures. In some cases they first became evident 
during the application of the load increments. In such cases the 
values of the load limits between which these cracks became notice- 
able, are indicated. In all such cases the deflections corresponding 
to both loads are recorded. It is to be observed that the beams 
were all tested at the age of 30 days, except beam P§, which was 
tested at 29 days, and beams P$and R$, which were tested at 31 
days. Theinfluence of the difference of a single day in the age of 
the three beams mentioned is regarded as negligible without sensi- 
ble error. 


TABLE III.—AveERAGE ReEsutts or TEsTs. 
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iD Cue i, Geapog 5,750| 8,100] 8,100 0.2876 | 0.5597 
CLS aie ab cial tek re w5 te % 5,500] 6,550] 6,850 0.2627 | 0.4426 


The moduli of rupture of the two unreinforced beams, com- 
puted by the common theory of flexure, were found to be 287 and 
250 pounds per square inch for the 8 and 5-foot beams, respectively, 
including their own weight: 600 pounds for the 8-foot and 380 
pounds for the 5-foot beam. 

The averages of the values in Table II for the various types of 
reinforcement and for the two span-lengths used, are shown in 
Table III. In computing these averages the higher values in 
columns 3 and 6 of Table IT were used. 

Attention has previously been called to the fact that while the 
rods were nominally }-inch square, there was actually a considerable 
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difference between the smallest lateral dimensions of the rods of 
the different types. ‘These dimensions as well as the percentage of 
the metal section to the total cross-section of the beam, are given 
in Table IV. 


TaBLE IV.—AMOUNT AND PROPERTIES OF REINFORCING STEEL. 


AREA OF Mrtan, | q 

“iy Blas rept arge Nae rr 

: fig | 2 | sf te 
8 : rs ee fi ct a9 2 a 
A | 3} ‘BS ( Oum 
& Gt 58s 4 Bu a4 poe 

G 7) Ay isa] i=) a Ay 

res sia sce) 0-8 0.75 try 40,500 60,600 30,500,000 | 23.50 
JL aicivleieie ses On hit 0.84 65,800 102,300 28,500,000 13.50 
pieciviage eras LOny0: 1.19 58,000 86,500 26,000,000 7.75 
BDME psa: 5s terete 0.59 0.92 31,900 51,300 28,500,000 13.00 


The values of the elastic limit in this table represent in reality 
the values of the yield points; that is to say, these values were fixed 
by the drop of the scale-beam. The values of the elastic limit were 
somewhat lower, as may be seen by reference to the stress- 
strain diagrams of these rods as plotted in Fig. 3. The 
deformations were determined by means of a double-micrometer 
extensometer reading direct to o.coo1 inch. ‘These diagrams are 
plotted up to the load limits for which the extensometer was used. 
The reading following the highest one plotted in these diagrams 
showed so marked an increase in the deformation that it was 
evident that the yield point had been reached. This was also 
confirmed by the drop of the scale-beam, except in the case of the 
Ransome rod, in which there was no well-defined indication of a 
drop. Each value of the elastic limit, ultimate strength and 

modulus of elasticity in Table IV represents the mean of two tests, 
except the values of the elastic limit and modulus of elasticity of the 
Ransome rod, which are based on single tests. Owing to the twist 
of this rod it was somewhat difficult to make satisfactory determina- 
tions by means of the extensometer. The individual tests consti- 
tuting each pair showed a fair agreement, especially for the softer 
steel. The differences were as follows: Elastic limit: P, 1,000; 
J, 3,900; T, 2,600 pounds. Ultimate strength: P, 400; J, 6,400; 
R, 8,400; T, 1,500. Elongation in 8 inches: P, 1.0; J, 1.0; R, 0.5; 
T, 2.0 per cent. 
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the unit deformations of the smallest sections for which the unit 
stresses were computed; that is to say, the modulus of elasticity of 
the material itself in these rods is somewhat lower than indicated 
in the Table IV. The values of the total elongationina gauge- 
length of 8 inches are shown in the last column of tho table. 

Two of the beams reinforced by Thacher rods (T$ and T$) 
were broken up several days after failure and pieces were cut from 
one end and from the center of each rod. The yield point of these 
twelve specimens was determined by the drop of the scale- 
beam, checked by means of dividers. The values thus found, 
as well as the corresponding values for unused rods of the Thacher 
type, are given in Table V. 


TABLE V.—THACHER Rops.—E.astic Limit BEFORE AND AFTER 
TESTING IN CONCRETE BEAMS. 


Values in Pounds per sq. in. Elastic Limit Determined by Drop of Beam. 


“ From 8-ft. beam. From 5-ft. beam. 

FE 

ww 

& End. Center. End. Center. 

5 
32,030 38,650 40,200 41,710 40,000f 
36,450 40,200 41,130 42,930* 44,000 
34,040 39,700 41,960 49,920* 46,170* 
Average Average Average Average Average 
34,370 39,520 41,100 44,850 43,390 


All others broke at connection between round and flat section. 


It is seen that the average value of the elastic limit for these 
three unused rods is somewhat higher than the average of the two 
rods in Table IV. The average elastic limit of the five rods is 
33,380 pounds. This average, as well as the maximum value, is 
& less than the values found from the rods which had been molded 
U in the beams. 

Compression Tests—The compression tests on the concrete 
for determining the modulus of elasticity were made on four 6 x 6- 
inch prisms, 24 inches long, 30 days old. Collars were attached 
to the prisms by means of pointed set-screws making contact at 


* Broke in round section, 
+ Broke in flat section. 


per Sq. Inch, 


Pounds 
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the center of the four sides. The gauge-length, center to center of 
set-screws in the upper and lower collars, was 18.5 inches. An Olsen 
compressometer, with micrometer reading directly to o.coo1 inch, 
was used for the measurements. The fingers of this instrument 
were put in contact with vertical extension rods of suitable lengths, 
attached to upper and lower collars at diagonally opposite corners. 
By electric contact in conjunction with a telephone receiver the 
apparatus was sensitive to one-half of one division, or 0.00005 
inch. 

The stress-strain diagrams for these prisms are plotted in 
Fig. 4. Beginning at the left, it will be seen from these 
diagrams that the modulus of elasticity was sensibly constant for 
the first three specimens up to a unit stress of about 500 pounds. 
Its value, in round numbers, for tests Nos. 1 and 2, up to this limit, 
Was 2,000,000, and for test No. 3, 2,300,000. The diagram for No. 4 
was less uniform. The value of the modulus of elasticity based on the 
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Fic. 4.—Compression Tests oF PLain CONCRETE. 

average up to 600 pounds per square inch was, in round numbers, 
2,700,000. The ultimate compressive strength of these prisms was 
42,000, 41,500, 46,000 and 47,500 pounds per sq. in. respectively. 

Compression tests were also made on nine 6-inch cubes, 
molded from nine different batches of concrete used in making the 
beams. The resulting values, which were somewhat erratic, are 
shown in Table VI. Ten 6-inch cubes were also molded from a 
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single batch of concrete of the same composition used throughout 
these tests. ‘The results for this series, which were much more 
uniform, also appear in Table VI. 

The surfaces of these cubes were trowel-finished with the 
greatest care, and the loads were applied through flat metal 
bearings. ‘The pressure was brought upon the aan plate through 
a spherical bearing block. 


TaBLE VI.—CompREssION TEsTs ON S1x-INcH CuBES. ULTIMATE TOTAL 
Loaps IN Pounps, at TuHirty Days, IN AIR. 


Cubes from Cubes trom 


different mixtures, single mixtures, 

78,800 57,000 
49,200 54,000 
49,100 55,400 
52,500 59,000 
53,300 60,200 
57,900 61,000 
90,100 58,00> 
49,200 54,000 
74,200 61,200 
ecccee 50,000 

Average Average 
61,600 57,000 

1,710* 1,580* 


It is to be observed that the same percentage of water (16 per 
cent of weight of sand and cement) was used for these prisms and 
cubes as for the beams. ‘Two 6-inch cubes mixed with 10 per cent 
of water instead of 16 per cent, and thoroughly rammed, the one 
placed in water, the other in air for 30 days, developed a com- 
pressive strength of over 100,000 pounds, the capacity of the testing 
machine used. 

Tension Tests.—The specimens for tensile tests were made of 
eye-bar form. The cross-section was 4x 4 inches, the width of 


.the heads 6 inches, the distance from center of 14-inch pin-hole to 


back of head was 2} inches. The gauge-length between centers of 
set-screws through upper and lower collars was 93 inches. The 
eye-bar heads were made of a rich mortar, reinforced with expanded 
metal curved half-way around the heads, midway between the pin- 
hole and the outer periphery. Five specimens were made of 
plain concrete, and four specimens were reinforced with single 
central rods of the four types used. In two specimens the heads 


* Average ultimate strength, lbs. per sq. in. 
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were reinforced by means of pairs of expanded metal pieces parallel 
with the plane of the outer flat surfaces of the eye-bars. The pins 
were swiveled in double stirrups held in the grips of the machine. 
Micrometer readings were taken on opposite sides to o.ooor inch. 

In most cases the specimens broke in the body. ‘The readings 
of the two micrometers were, however, so widely divergent and so 
erratic and the ultimate strength so low, that it was evident that, 
through slipping of the grips, and through want of provision for 
angular adjustment in the plane normal to the face of the bars, 
failure was brought about through bending. ‘The results are con- 
sidered valueless, and are not given. It was apparent, however, 
Taste VII.—Putiinc-Ovur TsEsts. 


AS 
q 
‘ J a 
Kind of rod, g B. Remarks. 
a O 
Bh fe} 
ees 
13,660 | 1,138 | Elastic limit passed. Concrete cracked. 
Johnson | 12,830 | 1,069 | Elastic limit passed. Concrete cracked. 
9,980 832 | Concrete cracked. 
6,280 524 | Rod pulled out. 
LEE weal 8 cub 0 | 6,190 516 | Rod pulled out. 
| 5,650 471 | Rod pulled out. 
| 10,420 868 | Rod broke. 
Thacher ... | 8,890 741 | Concrete cracked. 
9,970 831 | Rod broke. 
22,690 | 1,891 | Concrete cracked. 
Ransome { 16,680 | 1,390 | Concrete cracked. 
| 19,290 | 1,608 | Rod pulled out, 


forcement was considerably lower than that of the plain-concrete 
bars. 

Adhesion or Pulling-Out Tesis.—The tests for adhesion were 
made by imbedding the rods centrally in 6 x 6-inch concrete prisms, 
12 inches long. The rods were imbedded for the entire length of 
the prisms. The specimens were molded with the rods lying 
horizontally as in the case of the beams. These tests were also 
made at the age of 30 days and the results are given in Table VII. 
The rod was passed through the movable cross-head of the machine 
and gripped in the upper fixed cross-head. The surface in contact 
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with the lower face of the movable cross-head was bedded in plaster- 
of-paris after the rod had been secured in the grips. The plaster 
was allowed to harden under an initial load of 1,000 pounds. In all 
cases where the concrete split the contact between the rods and the 
concrete proved to have been very good. It will be seen that in 
most cases failure occurred by the breaking of the rods or the 
cracking of the concrete, thus giving no definite indications of the 
value of the adhesion, or rather the strength of the bond. 
Computations —The computed unit stresses for the steel and 
concrete are given in Table VIII. These values are based on the 
mean loads at which visible hair-line cracks developed. For all 


TasLe VIIJ.—Unir STRESSES IN CONCRETE AND STEEL, IN LBs. PER SQ. 
In., CoMPUTED FROM MBEAN LOADS AT WHICH VISIBLE 
Hatr-LINE CRAcKS DEVELOPED. 


Neutral Axis, Unit StTREsSEs, LBs, PER SQ. IN. 
basa bose Distance Below Top 
Bears | Hajr-Line of Beam. By Method A | By Method B. 
on pr Metin Hy Mernod Steel. | Concrete. | Steel. | Concrete. 
| | 
js 9,400 3-46 3.12 | 44,600 1,740 | 46,800 | 1,250 
R& | 8700 ciel | 3-52 | 30,100 1,480 | 31,600 | 1,080 
13 6,500 3.56 3-24 | 28,500 | 1,180 | 29,800 850 
Be 5,750 3.85 3-50 | 32,100 | 1,560 | 33,900 1,140 
| | 
Js 55250 3.46 3.12 | 39,800 | 1,550 | 41,800 1,120 
| 
Rs 5,750 3.87 3.52 | 31,800 1,560 | 33,500 1,140 
Ts 5,500 | 3.56 3.24 | 38,500 I,590 | 40,400 1,150 


. practical purposes failure may be regarded as having ensued at 
this stage of loading. The tensile resistance of the concrete is neg- 
lected. Although, doubtless, some residual tensile resistance 
remains in the concrete below the neutral plane when the hair-line 
cracks first appear, its amount is uncertain, and the neglect of this 
element involves a comparatively small error on the side of safety. 

The stresses were computed by two well-known methods, 
both based on the theory of conservation of plane sections after 
flexure: A, on the assumption that the intensity of fiber stress 
varies directly with the distance from the neutral axis; B, on the 
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assumption that the intensity of fiber stress varies as the abscissas. 
of a parabola whose axis is coincident with the extreme upper 
fibers. It may reasonably be held that the latter assumption 
accords more nearly with actual conditions, especially as failure 
is approached. The labor of computation is practically the same 
for both methods. The resulting values for the steel are almost 
identical by both methods; but the values of the extreme com- 
pressive fiber stresses in the concrete are about 27 per cent. lower 
by Method B. Since the final loads at complete failure of the indi- 
vidual beams are in almost all cases considerably higher than the 
average loads used in these computations, the stresses in the con- 
crete, as computed by Method A, are doubtless considerably 
higher than those actually developed. 

In the application of Method A, the mean value of the 
moduli of elasticity of the concrete in compression for unit 
stresses between the limits of o and 1000 pounds was used (see 
Fig. 4). This gave the ratio 25 between the moduli of elasticity 
of the steel and concrete. 

Method B implies the assumption of a variable value for the 
‘modulus of elasticity of the concrete. The assumed value for 
the extreme fibers was based on the mean value from the direct 
compression tests for unit stresses between the limits 800 and 
1ooo pounds. The corresponding ratio between the moduli of 
elasticity of the steel and concrete is 44. 

The number of tests on the different types of steel rods was not 
considered sufficient to warrant differences in the assumption of 
the modulus. Moreover, considerable variations in the assumed 
ratio of the moduli produce relatively small differences in the. 
computed unit stresses. It is to be noted that the values of the 
unit stresses in the steel are usually far below the elastic limit. 
Only in the case of the T® beams is the elastic limit exceeded. 


DISCUSSION. 


T. L. Conpron (by letter)—In connection with the papers Mr. Condron. 
presented at this meeting by Professors Talbot, Turneaure and 
Marburg, on the tests of reinforced concrete, the writer begs to 
report the results of a series of bending tests on steel concrete 
beams, at the Rose Polytechnic Institute, during the past winter, 
at which he assisted. These tests were made under the direction 
of Professor Malvard A. Howe, and described in a paper by him 
before the Western Society of Engineers, April 6, 1904, from 
____ which paper the following is abstracted: 


“In order that the concrete and steel should represent products 
likely to obtain in practice, Atlas cement, bank sand, crushed rock and 
corrugated steel bars were purchased in the open market. The mixing 
was done by a local contractor of experience, with his own gang of men 
and in the manner he ordinarily employed. 

“The quality of the materials was in general good. The cement 
was satisfactory in every way. The sand, while containing some ‘dirt’ 
in the form of yellow clay, was a fair representation of bank sand used 
in Terre Haute. The crushed limestone was in two parts, one coarse and 
the other fine, the two mixed forming the run of the crusher. The coarse 
stone would pass a screen of one and one-half inch mesh and would stop 
at one of one-half inch mesh; and the fine stone would all pass a screen 
of one-half inch mesh. The corrugated steel bars, when tested, showed 
an elastic limit of about 60,000 pounds, and an ultimate strength of 
about 100,000 pounds. The areas of the bars were, in general, as advertised 
with the exception of the }-inch bars, which were found to be about 

_ 20 per cent under size. 

“The proportion of cement, sand and stone was practically one of 
cement to seven parts of sand and stone. 

] ‘‘The mixing was done on a concrete floor. The dry materials were 
placed in layers in the following order: stone, sand and cement. The 
mass was then turned twice dry and then twice wet, the water being 
introduced from a hose. The mixture was then shoveled into barrows 
and wheeled to the molds and dumped over the sides. Four to six inch 
layers were deposited the full length of the molds and tamped with iron 
tamping bars. The first two batches were moderately dry and the others 
pretty wet and required but little tamping. 

“Very rigid knock-down moulds were used and no special means 
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employed to obtain a smooth surface on the concrete, other than that 
given by mill-finished lumber. The molds were not wet before being 
filled and were not removed until the beam was to be tested. The beams. 
were seasoned in basement rooms of a temperature of about 65° F. 

‘Table I shows the general dimensions of the beam and the arrange- 
ment of the steel bars. Although the beams were widely different in 
the dimensions of length and depth, yet all were designed on the same 
basis, the same percentage of steel being intended for each beam. 

“In testing a beam the ends were supported in stirrups, free to 
swing on knife edges at about the center line of the beam. Two equal, 
concentrated loads were applied, symmetrically about the center of the 


TABLE I. : 
MAKE-UP AND DIMENSIONS OF BEAMS. 
Num- ist. ; 
| ferund | Nomi- sre } wer Dosh Br'dth a 
Made Concrete Size of nal | Areas Steel ot Ul. ak Beam 
Beam.| 1903 Batch. | Steel | Areas. | of below | Beam. | Beam. | Over 
/ Bars. Steel. |_ top of | All 
Beam d 
IN. | sg. IN. | sq. IN IN IN. IN. |FT. IN. 
z | Oct 23 I 2-4 | 0.36 | 0.36 | 44 5 12 I2 © 
2 | Oct. 13 I 3-4 | 0.54 | 0.54 64 pe ee 14 0 
gue OCts rs a 22 4-4 | .0.72 | 0.72 84 of 12 17 & 
4 | Oct. 14 9 6-4 1.08 | 1.08 122 14> ME 17.0 
Sy [Oct-24 5 2—-} | 0.74.| 0.60 | 8% ro 12. / TAS 
6a | Oct. 14 6 3-3 I.II | 0.90 13 144 2h oreo 
6b Oct. 14 6 3-3 1.22 18.0.901 1a ray | x2 | rzeo: 
6c | Oct. 14 8 3-3 1.1t }.0:90 | 3 tat | 32” Tsao 
6d |Oct.14) 6-7 3-4 I.II 0.90 |- 13 144 ¥2) Pry So 
6e | Oct. 15 I2 3-¢°| rrr | 0.90 | 13 144 | 432 17 o 
7a \|Oct.13| 3-4 4-2 1.48 | 1.20 17 LOAF hes 19 6 
7b | Oct. 13 4 4-3 1.48 | 1.20 174 TQ. ||| ¥re 19 6 
ye | Oct.14|9-10-11| 4—-} | 1.48 | 1.20 | 174 705 uiPees 19 6 
7a} Octsr4a |. 7 4-3 1.48 | 1.20 174 19 12 19 6 
ye. |Oct.14} 9 4-3 1.48 | 1.20 174 To ° |" xe 19 6 
8 | Oct.13] 2 2-4 I.I0, | 1.06 12% 4 ie Be 17 © 
9, Oct 33) 5 Ge ih ae lor Goer eo.) eroe st. | 72h rge6 
rr |Oct.14| 8 2-1 1.40 | 1.40 | 16} 18 be 123 fesgnG 


] 


beam, through knife edges in rolling seats, thereby producing a constant 
bending moment between the points of application of the loads (except- 
ing the variable moment produced by the/ weight of the beam). The 
rolling seats for the knife edges were supported by ? x 4-inch steel 
plates, bedded in plaster of paris on top of the beam. 

“Table II gives the result of the tests in terms of the loads, bending 
moments and mode of failure. Table III was computed by Johnson’s 
Formula using the value of y, obtained from the experiments. This 
value was, in most cases, found graphically. For four beams, however, 
it was computed and the resulting values plotted. These lines showed 
that at the commencement of the loading the neutral axis was below the 
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center of the beam. As the load increased in magnitude, the axis moved Mr. Condron. 
upward very rapidly until cracks commenced to appear on the bottom 

of the beam; then the axis remained approximately in the same position 

as long as the concrete did not show signs of failure in compression, as 

indicated by the drop of the scale beam. At or near the end of the experi- 

ment the axis, sometimes, not always, dropped suddenly. 


TABLE II. 
Maximum Loaps anp Moments. 
; : 
Load when | Theo- | 
Span Dist. Total Comp. Max. | retical 
c-c between| Weight | Total Failure was) Moment | Moment | See 
Beam.) Agein} End _ | Loading of Max. marked. | rooos of | John- | Foot 
Days. | Sup- | Points. | Beam. | Load. | Load Fall-| in Lbs. | _ son's Note 
port. ing off | Formula. 
| from Max. | 
FT. IN. | FT.IN.| LBS. | LBS. LBS. LBs. | LBS, 
I Wives amey Gall eh Ze 825 | 4,200] 3,400 94.3| 80.6 
2 FOU t2) oO; |= Aso. | T;T5ON|- 8,100 5,100 BEA |e La AL 2 
3 2 et SO BO P26O00 IT2, TOO) lm aats eters 402.7] 322.2! 
4 72 DEO ° 25 OO ONEOsA OO) mn cieteuade tts 929.8} 725.0|] } 
5 Te. AvOn EU 7OO, | LL {OOO ley veers y-l 311.9| 283.0 
6a Dale oL SOMES Onn 2 Os Sul Ons OO manta sits 607.2| 625.0 
6b 69 | 15 0 | 5 0 | 2,950 |19,325| 16,500 638.3| 625.0 
OGa TIS 150 5 © | 2,450 |20,400| 19,100 666.3) 625.0 
6d 20 et snOMNEs On | 2hGO01l he skOOl a salamat 616.8} 625.0] ? 
6e ZO PLS MOMiees Ons 32.001 L! OOO) Im weamtaustas 692.0] 625.0] 3 
7a 7 | Lo 10 6 0 | 4,450 |30,000}| 28,500 | 1,189.4| 1,121.0 
7b 7S PEGLON|N ONO! 453251 120,000! 23 000m ET 52:0! t rar.0 
7G TOWEL 7erOn 0. ©) | 31800 130, LOO}matans wes I,I42.9 | 1,121.0 
vie 68 | 18 o BELO. NARA SO 120 COO me mite, <i I1,006.4|1,121.0| # 
Pema Mfryal| <CVmOmi mac O 42 OO ie: SOO aeakela ree TiOOO; 7a 1 Ueto hes 
8 C hy PW Sisyeo) 5 © | 2,900 |23,300|] 22,300 756.5| 725.0 
9 77 81/0 GROW IEA SSO aA OOO sires eae E37 3s7) e052, 0.1 1% 
aay 75| 18 0 | 6 © | 4,225 |29,000| 25,700 | 1,149.3 |1,177-8 


114,000 applied 6 feet 6 inches. Removed and loaded in center. 
Failed at load. 
? Failed by Comp. near center. 
3 Failure same as 6d. Made of gravel from pit. 
‘Several repetitions of load. Failed by shearing. 
5 Repeated loads. Failed by shearing. 
| ° Failed by shearing. 


“The values of y, are probably in error, but not enough to be of 
any practical importance. The travel of the neutral axis is correctly 
obtained by the methods employed (assuming that a plane section remains 
plane after its distortion of the fibers), but its exact location in reference 
to the center of the beam is not known, as the experiments were com- 
menced under an initial load including the weight of the beam. 
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“Table IV was computed, using the same values of y, as employed 
in Table III, under the assumption that the concrete resisted no tension, 
and that in compression the distortion of the concrete was proportional 
to the stress producing it.’”’ 


TABLE III. 
FIBER STRESSES ACCORDING TO JOHNSON’s FORMULA AND 
EXPERIMENTAL 4}. 


Center of Neutral Max. Stress | Concrete Steel in 
Steel Below | Axis Below | in Concrete | in Tension. Tension. Batch See 
Beam. Top of Top of in Comp. Lbs. per Lbs. per | in Top of| Foot 
Beam Beam. Lbs. per Sq. Inch Sq. Inch. Beam. | Note 
d vi. Sq. Inch. 
IN. 

I 4t 0.45d 1,700 170 66,000 I 

2 6} 0.45a I,900 190 66,000 I : 

3 84 0.38d 2,300 230 64,000 3 2 

4 12} 0.34d 2,500 250 64,800 9 8 

5 8} 0.42d 1,500 150 60,500 5 

6a 13 0.37d 1,500 150 51,000 6 

6b 13 0.372 1,500 150 54,000 6 

6¢ 13 0.42d I,400 I40 58,300 8 

6d LF sy hah iene ia veuchanoat] alayetorone doles de ia enteucks Pomtcate i ce tetas 7 5 

6¢ FZ TS Milarwre in saetietaras| oho ceecetehardua letemeneneustolel teacrakeqer stele 12 : 

7a 17} 0.39d 1,600 160 57,000 |" 4 ‘ 

7b 17t 0.53d 1,600 160 53,500 4 ’ 

7c 17t 0.36d 1,600 160 53,500 II 

7a 17t 0.35d 1,400 140 47,600 7 

7@ 17} o 35a 1,600 160 52,200 9 5 

8 12} 0.36d 2,000 200 54,000 2 

9 rot o.40d 1,400 140 45,000 5 ® 
II 164 0.39d 1,700 170 50,500 8 od 


The writer has made a complete set of diagrams of the deflec- 
tions and extensometer readings for these eighteen beams. The 
deflection curves are practically straight lines from a point approxi- 
mately one-fourth of the maximum load, until the maximum load 
is reached, when the beam deflects rapidly under a constant load. 


1 Reset upper arc at 6,000 pounds. 

2 Cord of upper arc touched at 7,000 pounds. 

* Center load, hence axis may not be correctly located. 
* Repeated loading. 

* No records for y,. 

° Cord of upper arc touched at 25,000 pounds. 

7 Cord of lower arc touched at 6,000 pounds. 

® Repeated loads and failed in shear. 

® Failed in shear. 

© Upper cord touched at 16,000 pounds. 
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In most of the beams tested, fine hair-cracks began to appear in Mr. Condron, 
the lower or tension side of the beams at about one-third of the 
maximum load, and the concrete crushed under the maximum 

load in 15 of the 18 beams. These cracks did not open up to any 

serious extent until nearly the maximum load was reached, when 

the stretching of the steel beyond its elastic limit permitted them 

to increase rapidly. : 

TABLE IV. 


FIBER STRESSES ACCORDING TO COMMON THEORY AND 
EXPERIMENTAL Jj. 


Max. Comp. Tension Tension 
Beam. in Concrete. in in Steel. Remarks. 
Lbs. per Sq. In. Concrete. Lbs. per Sq. In. 
I 2,120 5 76,500 See Table III. 

2 2,380 aa) 76,500 
3 2,870 § 74,300 
4 3,100 K 75,500 
5 I,900 4 56,000 
6a I,900 o 59,300 
6b | 1,900 4 62,500 
6¢ 1,750 = 67,700 

Gaviteas tes eunt S Rlees tse eee 

OU Wen aera net JN a Soop os bnoo 
7a 2,000 ¢ 66,400 
7b 2,000 5 62,000 
7¢ 2,000 R 62,000 
7d 1,800 os 55,500 
7e 2,000 2 60,000 
8 2,500 5 64,200 
9 1,750 8 52,200 
II 2,100 oO 58,100 


The deflection and extensometer curves seem not to be 
affected by the cracking of the concrete on the tension side after 
the load has passed beyond the region of Professor Hatt’s point 
“A.” Up to this point the tensile strength of the concrete has 
been in play, but beyond this point the steel seems to take up all 
of the tension stress. 
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ADDENDUM, OCTOBER 24, 1904. 


Since the June meeting of the Society the writer has made a 
comparative study of the results obtained by Professors Hatt, 
Talbot, Marburg, Turneaure, and Howe, in the testing of rein- 
forced concrete beams. In this connection he presents herewith 
three diagrams. 

In order to study the results of all of the tests referred to, the 
ultimate bending moment developed in each test has been com- 
puted from the weight of the beam and the maximum applied load. 
This moment (M) has been divided by the breadth (b), times the 
square of the depth (d?) of the beam. The depth considered has 
in every instance been taken as the distance from the compression 
face to the plane of the reinforcing metal. Also the percentage of 
reinforcing (P) has been calculated, basing this percentage upon 
the ratio of the area of steel bars, (A) to the area of the beam (bd), 
above the plane of the reinforcing bars, or P = 100 A + bd. 

The diagrams here presented, Figs. 1, 2 and 3, are the graphi- 
cal representations of the results of allof these tests, reduced to 


the above basis. The vertical ordinates represent values of et 
and the horizontal ordinates values of P. Figure 1 shows the 
results of the tests by Professor Talbot, at the University of Illinois. 
The two lines on this diagram passing through the tests of beams 
reinforced with (1) plain bars having an elastic limit of approxi- 
mately 33,000 pounds per square inch and (2) of beams reinforced 
with bars of approximately 55,000 pounds elastic limit (Johnson 
bars) have been repeated on the other two diagrams as reference 
lines. As will be observed, these lines are straight for the greater 


part of their lengths. The equation of these lines is bar =mP-+n. 
For plain bars m= 275; and for Johnson bars m=450; 
while n= 55, iscommon to all lines being the value of ¢q; when 
P=O, or since there is no reinforcing, in this case, d becomes 
h, the full depth of the beam. ‘The results of 28 tests of concrete 
beams reinforced with plain steel bars, having an elastic limit of 
approximately 33,000 pounds, are shown on the diagram Fig. 2; 
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and the results of 40 tests of concrete beams reinforced with cor- Mr. Condron. 


rugated bars of approximately 55, 


and 15 tests of 
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From these three diagrams, which 


represent 89 beams, it will be seen that beams may be proportioned 


shown on the diagram, Fig. 3. 
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it is very evident that all formulas based upon the ultimate strength 
of the steel being reached at the time of the failure of the reinforced 
concrete beam are in error. It is moreover dangerous to use steel 
of 60,c00 pounds per square inch ultimate tensile stress and say, 
that when this steel is stressed to 15,000 or 16,000 pounds per 
square inch, there is still a factor of safety of four in the structure. 

If the tests that have been made at the several laboratories of 
our leading Universities during the past year teach us anything, 
it is that the ultimate strength of reinforced concrete beams is 
reached when the reinforcing metal is stressed to its elastic limit, 
or yield point. 

With reference to the cracking of the concrete on the tension 
side, Prof. Turneaure has shown that these cracks appear very early 
in the test, but that they remain microscopical until the steel is 
stressed to about 12,000 to 15,000 pounds per square inch. Above 
this point the cracks are liable to open wide enough to increase the 
porosity of the concrete. Therefore, we should restrict our work- 
ing stresses to such a point as will not cause the reinforcing bars to 
be stressed beyond about 12,000 pounds per square inch. There- 
fore, steel of 50,000 pounds elastic limit, or 100,000 pounds ulti- 
mate strength, gives a factor of safety of four between the safe 
working load and the ultimate carrying capacity of the beam. 
If ordinary steel of 30,000 pounds elastic limit, or 60,000 pounds 
ultimate strength, is used, the factor of safety is but two anda 
half with a working stress of 12,000 pounds. Several writers 
have proposed working stresses of 16,000 pounds per square 
inch in the steel when steel of 60,000 pounds ultimate strength 
is used and have claimed that there will then be a factor of 
safety of four, but all these tests disprove this method of calcula- 
tion and show that the factor of safety in such cases’ is less than 
two. Is it any surprise that failures occur under such conditions ? 

Until the writer finds a better way of calculating the strength 
of reinforced concrete beams he will content himself with following 
the equations of the two lines shown on the diagrams he presents 
here, Figs. 1, 2, and 3. That is, for plain steel bars of approxi- 
mately 33,000 pounds per square inch elastic limit he will use, 
M= 275 P + 50; P not to exceed 1.5 per cent. For corrugated 
or similar bars of approximately 55,000 pounds per square inch 
elastic limit, he will use M = 450 P + 50; P not te exceed 1} per 
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cent., M being the u/timate moment of resistance in inch pounds. Mr. Condron. 
To obtain this moment, add to four times the dead load moment 
four to eight times the live load moment depending upon the char- 
acter of loading considered. In every case the concrete to be of 
first-class quality and at least as rich as 1: 3:6 for broken stone 
and 1:5 for clean sand and gravel. 

lt is evident, from Prof. Turneaure’s tests with high elastic 
plain steel bars (75,00c pounds elastic limit), that when steel of 
such strength is used, plain bars will not develop as much strength 
for the same percentage of reinforcing as though the bars were 
deformed. Of course, under anything but static loads the differ- 
ence becomes even greater. 


SANFORD E. THompson (by letter)—The aim of such im- Mr. Thompson. 
portant series of tests of reinforced concrete beams as we had 
presented by Professors Marburg, Talbot and Turneaure is 
toward the establishment of laws and the confirmation of theories 
which will enable us to design beams of reinforced concrete with 
minimum quantities of steel and of cement and yet with positive 
assurance of safety. 

The most important point which has been clearly, and it would 
seem positively, established by these tests, is the fact that the pull 
in the tension portion of the beam is actually transferred to the 
steel at an early period in the test, usually before the working 
strength of the beam is reached. ‘This is indicated not only by 
Prof. Turneaure’s observation of the water-marks, but as well, as 
suggested by Prof. Talbot, by the marked change in character of 
the curves in the various diagrams, when the load is transferred 

‘to the steel. The practice which has already been generally 
adopted of neglecting all strength of the concrete in pull may 
therefore be considered correct, not only from the point of view 
of safety, but also from a rational standpoint. 

Another conclusion—an extremely important one in the 
opinion of the writer—that may be drawn from the tests, especially 
from those of Prof. Talbot, which embrace the widest range in 
reinforcement, is that computations made according to the usual 
beam theories (based on the elasticity and the stresses in the con- 
crete and the steel) produce values for the location of the neutral 


Mr, Thompson, 
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axis, and also for the ultimate moment of resistance, which are 
so near the experimental results that the theoretical formulas may 
be safely employed, if proper unit stresses and moduli are used. 

The proof of the lack of tensile resistance in the concrete 
under normal loading enables us to consider the resistance of the 
beam as a couple, whose forces are the pressure in the concrete and 
the pull in the steel, and whose arm is the distance between these 
forces. Therefore, the moment of resistance may be obtained by 
taking moments about both forces, and adopting the lower value. 

The location of the center of pull in the steel is evidently at 
the center of gravity of the steel rod or rods. The location of the 
center of pressure in the concrete has not yet been clearly fixed 
because the various experiments in this country and abroad have 
been made with concretes of various and, in many cases, undefined 
proportions and consequently of different strength and elasticity. 
The location of the center of pressure of the concrete is based on 
the location of the neutral axis in the beam and the distribution 
of the pressure above the neutral axis, which, in turn, if the funda- 
mental principles of theory are correct, depend upon the moduli 
of elasticity of the steel and the concrete. 

In the table which follows are presented for comparison the 
actual location of the neutral axis as determined by Prof. Talbot’s 
experiments, column (7); the values calculated by his empirical 
formula (p. 483), column (8); the values calculated by the theory 
of the straight-line distribution of pressure, column (9), and by 
the theory of the parabola distribution of pressure, column (10); 
also Prof. Talbot’s estimated bending moments in columns (11), 
and the moments of resistance calculated by the straight-line and 
by the parabola theories in columns (12) and (13). 

The measured depths of the neutral axis, column (7), are taken 
directly from Prof. Talbot’s tabulation of the actual positions 
during the third stage of each beam, as given in his paper in the 
University of Illinois Budletin, September, 1904. 

The close agreement of the values by Prof. Talbot’s formula, 
column (8), with the measured values, indicates the possibility of 
determining for such a formula, constants, each of which will 
apply to a certain class of concrete. The exact values of the 
constants are of course dependent upon the strength and elasticity 
of the concrete, and therefore the values given in the original 
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Mz.Thompson. formula cannot be applied directly to concrete of a different 
character. 

The theoretical calculation for the location of the neutral 
axis is much simplified by the elimination of tensile resistance in 
the concrete, since it appears from experiments that the location 
of the neutral axis after the pull has been transferred to the steel 
must lie either in the position calculated by the straight line dis- 
tribution of pressure—which assumes that a plane section before 
bending is also plane after bending and that the modulus of elas- 
ticity is constant during working limits—or by the parabola theory 
—which assumes a clearly defined decrease in the modulus—or 
else between these two positions. The values in columns (9) and 
(10) therefore present extremes with the particular modulus of 
elasticity selected. 

In calculating columns (8), (9), (10) and (13) of the ‘able: the 
modulus of elasticity of concrete is taken at 1,500,000. Prof. 
Talbot’s tests* of elasticity show this to be a fair average value 
for the concrete which he used, between pressures of 1,000 and 
1,700 pounds per square inch, stresses which correspond to the 
pressure in the “beam when the neutral axis is as measured. 
This modulus also gives, by the straight line theory, proportional 
values for the location of the neutral axis which are nearest to the 

A measured locations. By the parabola theory a still lower modulus 
would have shown better results. 

In calculating the values for the moments of resistance, the 
yield points of the steel are taken at average values for high and 
low steel respectively, so as to compare the tests with results which 
would be reached by theoretical calculations. Similarly, the ulti- 
mate crushing strength of the concrete is assumed as 2,030 pounds 
per square inch, which is the average strength found by Prof. 
Talbot in his tests upon 6-inch cubes. 

It is noticeable that the neutral axis calculated by the straight 
line theory of pressure distribution, column (9), agrees almost 
exactly with the measured values in column (7). The ratios by 
the parabola theory are lower, that is, the location of the neutral 
axis in the beam is higher. It is also interesting to observe that 
the values in columns (9) and (10) are nearly but not quite pro- 
portional to each other. 


* Journal Western Society of Engineers, Aug. 1904. 
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The moments of resistance in column (12) agree as nearly as Mr. Thompson 

could be expected with the estimated bending moments in column 
(xr). The moments calculated by the two theories, columns (12) 
and (13), agree almost exactly in the tests based on the pull in the 
‘steel. In tests (28) and (13), in which both columns are based 
upon an ultimate strength of concrete of 2,030 pounds per square 
inch, the parabola values are nearer to the actual bending moments 
than the straight line values, showing that for the latter a crushing 
strength of concrete higher than 2,030 could have been assumed. 
On the other hand, tests (27), (22), (20) and (2), which by the 
parabola theory have to be calculated from pull in the steel, 
because this gives the lower moment of resistance, are not in column 
(12) quite so near to the estimated bending moments as by the 
straight-line theory, which assumes the concrete to be the limiting 
material. 

The important part which the quality of the concrete plays in 
reinforced beams has sometimes been overlooked in theoretical 
studies of the combination of concrete and steel. This is well 
illustrated by the fact that Prof. Talbot’s beams, as stated above, 
require calculation with the use of a modulus of elasticity of not 
more than 1,500,000, corresponding to a ratio of 20, in order to 
bring the neutral axis as low in the beam as his measured depths. 
‘To obtain theoretical results with Prof. Hatt’s beams* agreeing 
with actual tests, one must employ, as Prof. Hatt suggests, a 
modulus of about 4,000,000, corresponding to a ratio of 7.5. For 
Prof. Turneaure’s tests presented in this volume, I find a modulus 
of 2,500,000, or a ratio of 12, to give locations of the neutral axis 
which fairly agree with his experiments. The reason for such 
variation presents an important field for experimental investigation. 

The formulast used in calculating the location of the neutral 
axis, columns (8) and (10), and the moments of resistance, columns 
(12) and (13), are as follows: 

Let 
ratio of area of steel to area of beam above the center of 

gravity of the steel. 
C = unit pressure in outside fiber of concrete. 


*Proceedings American Society for Testing Materials, 1902. 
+The derivation of these formulas is presented in Taylor and Thomp- 
son’s Treatise on Concrete, Plain and Reinforced, 1905 
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Mr. Thompson. S = unit pull in steel. 


19) 
= = modulus of elasticity of steel divided by modulus of 
c 


r= 


elasticity of concrete in compression. 
d= distance from outside compressive surface to center of 
gravity of steel. 

xd = distance from outside compressive surface to neutral axis. 
in a beam having steel at depth, d, below the outside 
compressive surface. 

x = ratio of depth of neutral axis to depth of steel, from outside 
compressive surface. 

Mz = moment of resistance. 

By the straight line theory the proportional depth of the neutral 


axis is he lee 
x=r | BS oe 
p ( I 7 I ) 

and the formula for the moment of resistance is 

Mg = pSbd? (1- =) 
or 

Cxbd? x 
n= (1-2) 


Similarly, by the parabola theory, the proportional depth of 


the neutral axis is Sa td | 
8 
x= jrp — + 1-1 
ie E ) 
and the formula for the moment is 
af a hoo 
Mp = 3 Cxbd (: x ) 
or 


Ma = Spbd? ( Ht - 


Mr. Talbot. ArtHur N. Tarzor (by letter)—Mr. Thompson in_ his 
discussion utilizes the method of determining the moment of 
resistance of the beam used by the writer in his paper, taking 
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the moment of the couple formed by the resultants of the tensile Mr Talbot. 
stresses and the eompressive stresses. This is clearly the best 
method for making calculations, especially if the tensile stresses 
are fairly definitely known and the compressive stress at the 
upper surface is less than the limiting value. For these condi- 
tions it is not of so much importance that the neutral axis be 
accurately determined, or that the exact distribution of the com- 
pressive stresses be known, for a slight variation in these will 
have a relatively small effect on the value of the resisting 
moment. However, if the compressive stress at the upper sur- 
face is desired, some further knowledge of the distribution of 
the compressive stresses is needed. 

It is to be expected, then, that the formulas based upon the 
straight-line deformation relation, or other relations somewhat 
similar, will give results for the position of the neutral axis and 
for the resisting moment within limiting values of tensile stresses 
quite close to observed results, particularly if the coefficient of 
elasticity is chosen for the size of beam and for the concrete 
used, as it would be if a value were chosen to fit the results of 
the beams. It is not so apparent that the compressive stress at 
the upper surface or the limiting resisting moment for the con- 
crete may be determined by such a formula. The inaccuracy of 
this method is shown by some of the results noted by Mr. 
Thompson as lacking in compressive strength, for the deforma- 
tions given in the diagrams for the beams indicate that the con- 
crete is not near failure. Calculations of compression based on 
straight-line stress-deformation relation seem to be not fully 
satisfactory. 

Attention may be called to the fact that in the derivation 
and use of formulas the parabolic stress-deformation relation is 
sometimes loosely and even inconsistently used. For example, to 
call the compressive stress distribution in a beam a parabola and 
then call the modulus of elasticity a constant is illogical. Some- 
thing of this kind must have been done in the calculation of 
column (10) of Mr. Thompson’s table, for the parabolic relation 
should give positions of the neutral axis closely following the 
observed results, as is seen by the curved lines of the diagram for 
position of the neutral axis in the original paper of the writer. 
Similarly, values for the resisting moment in column (13) based 


Mr. Talbot. 
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upon compressive strength must be untrustworthy, and values for 
C in the parabolic formula given by Mr. Thompson should not be: 


used as a test of the accuracy of the parabolic stress-deformation 
relation. For a fuller discussion of such matters, reference may 
be made to a paper by the writer in Journal of Western Society 
of Engineers for August, 1904. 

It must be conceded that the distribution of the compressive 
stresses in a reinforced concrete beam and the intensity of the 


stress at the upper surface are not accurately known. It is. 


hoped that investigations may be directed along this line, for it is 
important to be able to determine the stress in the remotest fibre 
for different concretes in order to judge of the compressive 
strength of the beam. It would seem that the strength on the 
compression side is greater than it has been considered to be, or that 
it is not determinable by direct comparison with the strength of 


concrete cubes. While our most pressing need is the determination. 


of the limiting amount of steel for different concretes, yet the investi- 
gation of internal compressive stresses should not be overlooked. 


MECHANICAL DEFECTS IN SIEVES USED FOR 
TESTING CEMENT. 


By E. W. LAzeEtt. 


In order to carry out the methods for uniform tests of 
cement it is necessary to have the apparatus used, and the 
methods employed, uniform. It was with the idea of stand- 
ardizing the apparatus that this investigation was undertaken, 
as it is self-evident that to be able to obtain concordant results 
the apparatus used by different testors must be standard. 

The determination of the fineness of cement is one of the most 
important investigations undertaken in the testing of cement, for 
this shows the care the manufacturer has taken in finishing his 
product. 

It is well established that the very fine flour which passes the 
finest sieves is the part of the cement which gives to it its binding 
property. This flour, owing to its fine subdivision, is the part 
acted upon by water, while the coarser particles are slowly if ever 
attacked. Recent microscopical investigations of both neat 
and sand briquettes show that only the extremely fine particles 
of cement are attacked by water, the coarser particles retain- 
ing all the properties of the original cement clinker. Also, 
the manufacturer is interested in the fineness to which the raw 
materials are ground, as on the fine grinding and intimate 
mixing of the ingredients depends their subsequent union in the 
kiln to clinker. The finer the raw materials are ground and the 
resulting more intimate mixture of the argillaceous and calca- 
reous parts, thus increasing the surface of contact between them, 
the greater the ease with which the ingredients unite in the kiln. 
Coarse particles are slowly acted upon at the temperature of the 
kiln, and then only on the surface; thus the output of the kiln is 
materially reduced by the coarseness of the material which is fed 
to it, it being a well-known chemical fact that the more intimately 
the materials are mixed, and the finer these materials are, the 
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Fic. 1.—No. 50 Sieve. Enlargement 5.8 diameters. 
by count 2160 per square inch. 


Fic. 2—No. roo Sieve. Enlargement 7. diameters 
Mesh by count 9800 per square inch, 
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greater the ease of the progression of the reaction. Fine grinding 
of the raw materials would thus result in a greater output and a 
decreased coal consumption. 

By this introduction the writer has endeavored to show the 
necessity of obtaining an accurate method for determining the 
fineness to which both the raw materials and the cement have been 
ground, and one giving results that are uniform and agree among 
themselves. 

The usual method at present for determining the fineness is 
by means of sieves made of fine wire cloth. Granting that the 
sieves are uniform and that the manipulation is carefully done, 
then the determination of fineness made in different laboratories 
should check within 2 per cent or closer. Any one familiar with 
cement testing knows that agreements as close as these are rare, 
and that cement which has shown a certain fineness by the mill tests 
often fails when samples are taken from the same cement at the 
place it is to be used. ‘This point is well illustrated by the results 
obtained on the samples of cement sent out to be tested by your 
Committee last year. On the same sample different laboratories 
obtained results which varied as much as Io per cent for both the 
No. roo and No. 200 sieves, laboratories reporting for the same 
sample 94 to 84 per cent to pass the No. roo sieve. 

Some time since a number of samples of cement were tested 
for fineness, and the results obtained varied from results found by 
others upon the same samples. The cement was retested a num- 
ber of times, different sieves being used each time, giving results 
which varied greatly. This led to the investigation of the sieves 
themselves. A linen tester was procured and the meshes were 
counted. This work was very tedious, especially in the finer sieves, 
and the results did not show any individual variation in the mesh, 
also no record was preserved. To facilitate the ease of counting 
the meshes, and to procure records which could be kept and referred 
to at any time, it was decided to obtain enlarged photographs of 
the sieves in order that the meshes could be more readily counted 
and that any individual variation would be at once apparent. The 
photographs which you have in your hand are some of the results 
obtained. Some of these represent sieves that have been in use 
for some time, while others are photographs of new sieves, and 
some few are from samples of cloth from various sources. In most 
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Fic. 3.—N iev i 
3.—No. 100 Sieve. Enlargement 5.6 diameters 


Mesh by count 9408 per square inch. i: 


Fic. 4.—No. 200 Sieve. Enlargement 7. diameters. 
Mesh by count 38,808 per square inch. 
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cases the samples of cloth closely approximate the correct number 
of meshes to the inch, so that the greater part of the variations in 
the sieves themselves is due to straining the cloth in the manu- 
facture of the sieves. 

The defects commonly met with in sieves are as follows: 

First. Variations from the correct number of meshes to the 
linear inch. The writer has examined cloths said to contain 200 
meshes per linear inch, and has found by actual count as low as 170. 
Shown in Fig. 1. 

Second. Unequal size of the meshes in different parts of the 
same sieve, shown very clearly in Figs. 3 and 4. 

Third. Variation in the gage of the wire in different cloths. 
Some years ago it was hard to obtain No. 200 sieves from different 
manufacturers the cloth of which was woven from wire having the 
same gage. In this line there has been a marked improvement 
in the past few years, the manufacturers approaching a closer 
standard. 

Fourth. Unevenness in the mesh of the cloth due to straining 
or displacement brought about in the making of the sieve. Shown 
in Fig. 4. 

-The photographs show these very clearly. These wider 
meshes allow coarser particles to pass, and by this means vitiate 
the results. A common defect in sieves, also clearly shown, is the 
displacing of the wires so that they are no longer perpendicular to 
each other, the holes being no longer rectilinear. See Figs. 4 and 
6. Such a sieve the writer considers unfit for use. 

Fig. 2 shows a very perfect sieve, the meshes being 98 
one way and too the other. 

__ The report of the Committee of the American Society of Civil 
Engineers on Tests of Cements, recommends the limits of varia- 
tions in sieves to be for the No. 100 sieve 96 to 100 meshes to the 
linear inch, and the No. 200 between 188 and 200 meshes to the 
linear inch. 

By this method of testing the sieves it can be easily determined 
if the meshes are within the limits, and any sieve that falls without 
the limits should be rejected. Also, when the sieve shows that the 
meshes have been badly displaced by pulling, it should be dis- 
carded. Ifa sieve contains only a few imperfections, such as an 
occasional wider mesh, it can be corrected by soldering the wide 
meshes. 


etere te 
Sisiswesce sees 


4A rowan 


WeeneeeuRPetre 


Shielansvaners 
GROLOANOUNNOT ERY ENG 


Waser nles 
Woeeanae diane 


psseee- SS 
eaeegucesssetes=eses 
Seoeerer=ee 


by 
A TeLs4Gh pee 


it tore re 
eesan ieee 


aHOnedORs On Ob MEenT 


2 — zeeeeres 
= sessesses sesstsestess sete eeeeceiee 
S355 Sens TeV eTESTerIe® 


bee ee rere tote 
paeesee 


wibepans ewer 
LLL 


OED h barge on 


5 =~ Seecees eters 
:: = es = = 


iy 
eeen yen 


eerete=Stticrsess= 3 


Ltt $44) 
at 


“ 


4 
oeeehpeee 


FW Aah 


$4 


Pa neabayeD 


rary 
aheeenuneus 
aaieern 
rer at 


Baraka ekeh s 
1#06496408 
ty 


Radeanyteay: 


a4 nee 
ehesvounee 
EET RT er Te 
17) 
“Ghnees 
rsearvahines 
ahnesas 
MiGVbOROOSAORGS 
eelanevee 
tet 
Oaetsesiense 


re rrr 


atria iter i 
tTritoar ia 
irri 
Vreebeeees 
Saas 
itt 
Hono peces 
eieeess 


One senben 
Gun ebaeehs sip 


irra 


1 So boe 
een 
oboe: 
tees 
iia 


iameters. 


Sees 
heres 


Seanere 


Gresssssesees 
Sosveseses 


seuseasees 


Fic. 6—No. 200 Sieve. Enlargement 7. diameters. 
Mesh by count 37,024 per square inch. 
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For some time past all sieves in use in our laboratory have 
been so examined, the best sieves accepted and corrected, and 
in this way we have been able to obtain concordant results, and 
results that can be duplicated at any time. An advantage of this 
method of testing of sieves is, that it in no way injures the sieve, 
and a large number of sieves may be obtained from the manu- 
facturer, examined, and the best ones accepted. We have also 
_madea practice of testing sieves and correcting them, with the 
result that such sieves, even when used by different parties, give 
results showing little variation. 


Mr. Richard- 
son. 


DISCUSSION: 


CLIFFORD RICHARDSON (By letter).—I have read with much 
interest the paper of Dr. Lazell. His conclusions are confirmed by 
my own experience, but I may be able to add something from the 
results of an investigation of the subject of sieves conducted for 
the information of the Committee ‘‘On Uniform Tests of Cement” 
of the American Society of Civil Engineers. Certain inquiries were 
made of Messrs. Howard and Morse, large manufacturers of sieves 
in Brooklyn, N. Y., who have furnished the New York Testing 
Laboratory with the most uniform ones that it has been able to 
find. The questions were as follows: 

It is important that engineers, chemists and others using sieves 
for the determination of the fineness of materials, such as hydraulic 
cement, should be thoroughly informed as to the character of the 
wire cloth commercially available in this country and as to the 
possibility of obtaining a more satisfactory cloth than that now 
sold. May I ask you, therefore, to give me as much information 
as possible on the following points in regard to what is known as 
Nos. 50, 80, 100 and 200 mesh cloth: 

1. Where are these cloths made? 

2. What is the process of manufacture? 

3. Can they all be made in the United States and at what 
increase in expense, if any? 

4. Are cloths of the same mesh made of different sized wire? 

5. What size of wire in numbers and in diameter in inches, by 
actual measurement, are used for each size cloth? 

6. The ordinary cloth usually has the proper number of 
meshes to the inch in one diameter, but too few in the opposite. 
Why is this so? 

7. Why are the sieves generally found in the trade so variable 
in size? 

8. Would it be possible for you, and would you undertake to 
make 50, 80, 100 and 200 cloth and sieves to correspond to the 
following specifications ? 
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Diameter of wire to be one-half the width of opening, that is Mr. Richard. 


to say: 
Mesh and Diam of Width of 
Mesh. Wire. Wire. Opening. 
5° .0200 .0067 -0133 
80 .OI25 -0042 .0083 
100 .0100 .0038 .0067 
200 .0050 .0OL7 > .0033 


g. Any other information or propositions which I can put 
before a number of gentlemen, who are interested in this subject, 
for their instruction ? 

To these interrogatories Messrs. Howard and Morse replied 
as follows: 


1. Wire cloth of iron, steel, brass or copper, from the coarsest to 
No. 100 mesh, is made in this country, while finer meshes are imported 
from France, Germany and Scotland. We think the Scotch cloth is the 
best. Even roo mesh can be imported at a lower cost than rate paid our 
weavers here will allow it to be produced. 

2. Beginning with wire say 1-16 inch diameter, the mill draws down 
to smaller sizes until too hard to safely draw smaller; it is then annealed, 
when, its ductility being restored, it is drawn down finer, and then 
annealed, and the process repeated until the requisite size is obtained 
and it is given its final annealing, to render it fit for fabrication into cloth. 
The wire is delivered by the mill to the wire cloth manufacturers in skeins, 
which are rewound on spools according to the mesh required. Usually 
the process is as follows: 

Taking, for instance, 100 mesh. We desire to put on a warp say 
36 inches by 300 feet. This will make 3 cuts, each one hundred feet long. 
We estimate the weight, allowing for waste and ‘‘thrums,”’ and taking a 
little over one-half the total weight, we divide this as equally as we may 
among the roo spools, being careful that none are under weight. 
The spools are placed in a rack as closely as convenient; the wires from 
the spools are led through a device which prevents their crossing (and 


» serves other purposes of a nature somewhat complicated to explain) to 


aes 


the ‘“‘backbeam of loom.’’ The 1oo wires are what we term an ‘“‘inch.”’ 
They are tied together at end and hook over a bolt head in a slot which 
tuns lengthwise of beam, which in our looms are about 5 feet circum- 
ference and 52 inches long. For 36-inch width we hook our first inch on 
peg 18 inches from centre; for 300 feet we would need put on 60 ‘‘rounds,” 
t. €., the beam (which is really a heavy solid cylinder) is turned 60 times, 
and the ‘‘lease” wire separating the contiguous wires alternately above 
and below the lease wire, is put in place and the beam turned up one 
more revolution to allow for distance from backbeam to face of loom. 
The inch is then secured to another peg, which is firmly secured in 
the partition between the inches; these partitions forming grooves in 
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which the wires lay, and the bunch of reo wires is then cut off and the 
second groove receives its 6e rounds, and so continued till the 36 grooves 
or inches are filled. This is a slow, tedious process. 

However careful may be the winding of the spools, whatever device 
may be used for spool racks, yet the wire will catch and break, and it is 
necessary to repair every break before another round is turned up on the 
backbeam. If the spools run too freely, the wire comes off too fast, and 
a “bight” will draw into a kink and snap even comparatively heavy wire, 
or the bight will lie across other wires, and catching may snap a dozen 
or more. However, the warp being on the backbeam, one inch is taken 
off the peg, and the wires being separated by the “‘lease,” are passed each 
one in the order in which it les in the grooves, first through the “gears” 
or ‘“‘heddiles,” and next through the “reed.” The heddles consist of two 
frames about § to ro inches high by the width of the loom im length, 
secured in a variety of ways; to these frames are attached twisted wires 
with an eye in the centre. For roo-mesh each frame must contain at 
least 50 of these twisted wires to each mesh. The reo wires we have 
loosed from the backbeam are passed in their exact order alternately 
through back and front gear, or rather 50 passed through the eyes of the 
back gear, and the other 50 passed between the wires of the back gear 
through the eyes of the front. 

These gears being operated by treadles, it is evident that when the 
back gear is down, and the front one is up from the normal line in whieh 
Wires would tend to lie, that a “‘shade” or shed is formed, every alternate 
wire being in the upper, while the others are in the lower “shade” or 
“shed.” The shade at the gears may be 3 inches, while at the face of the 
cloth it is nil, while in front of the reed when swung back as far as the 
““lay”’ will carry it, may be 2 inches. The lay or “‘beater" is hung over- 
head, and is provided with a groove in what is known as the bottom shell, 
and also in the top shell, which is removable and adjustable vertically to 
suit reeds of various heights, which are so placed im the shells as to have 
free lateral play, but very little in any other direction. All the inches 
being successively passed through the gears and reed, they are properly 
fastened to a ‘‘sacking™ which leads from the face of the reed around a 
“breastbeam”™ down to the “‘clothbeam,” on which it is wound up as the 
cloth is made. 

The reed consists of a series of “‘splits” made of flat steel of peculiar 
temper. In a roo-mesh reed they would probably be about 3-16 inch 
wide, and the thickness of each split would be equal to a trifle less than 
the space between the wires of the cloth. They are compacted into reeds 
by a process of lacing, which must be very particularly done, as the split 
must stand square to plane of cloth, parallel, and evenly spaced, the 
spaces being a trifle more than the thickness of the wire which passes 
through them, and there must be exactly reo in each and every inch. The 
warp being all ready to commence weaving, the weaver stepping on the 
treadle opens the shade and threws his shuttle through, catching it on the 
other side of the piece, the lay is brought up one blow, and he changes his 
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treadle and gives a second blow to place the shot, After throwing roo 
shots and giving 200 blows he has completed one inch, when he proceeds 
to count it and thus discover whether he is driving the ‘‘woof" or ‘‘filling”’ 
up too hard or too lightly to place roo transverse wires in one inch, 

Until fairly started his warp wires will be constantly breaking in 
fine cloth, and it is a constant contest of patience with unavoidable delays, 
until the last shot is thrown, though always worse at the beginning and 
gradually diminishing. After two or three inches have been made, the 
weaver gets the ‘‘blow”’ necessary to secure the required fineness in the 
mesh, and many become very expert and exact, that is, we thought it 
was exact until Mr. Richardson called our attention to many inaccuracies 
and defects. Being as good (perhaps better) than similar work from 
other factories, it sold, and we heard no complaint of inequalities until 
this cement testing question brought us face to face with a different 
problem. 

3. We do not believe any American manufacturer could be induced 
to make the necessary outlay to produce cloth finer than 120, unless the 
field for its usefulness was very much enlarged, as the imported cloth at 
a much lower cost seems to answer every general purpose for which such 
cloth is used. Moreover, it might be necessary to import the workmen. 

4. Cloth of same mesh can be made of many different sizes of wire, 
as witness pamphlet enclosed, but this is more nearly the truth theo- 
retically than practically, where we go beyond 60 or 7o mesh, 

5. The pamphlet above referred to will answer this in general, In 
particular we give answer to the four meshes specified by you: 


Diam. of 
Mesh. Mesh, Wire. Space. 
No. 50 No.35 O.E. Gauge Wire 02 .009 Orr 
80 38 O.E, es He 0125 00575 00675 
100 40 O.E. . % Or 0045 0055 
200 4a t-a BU&s. “ 005 .00235 00265 


6. If the reed be exact the cloth must have the proper number of 
holes one way, as it is governed by the reed. The reason that cloth 
sometimes has fewer holes the other way is that it is governed by the blow 
given by the weaver. If he can pass coarse cloth under the eye of the 
inspector, he gains the few missing shots in each inch and the same 
number of blows may in a day’s work gain him 5 to ro per cent more 
pay, but it is not so often the intention of the weaver so to deceive. 
A warp of 100 may be put on the loom in December and not be out until 
the following June. It is slow work, Consider the effects of various 
temperatures, and other causes which may affect a man’s disposition 
meanwhile. Too gay or cheerful, you would be obliged to check his blow 
which would drive cloth too fine. In brisk cool weather, cloth would be 
driven up finer than in warm uncomfortable weather, Again, a fresh 
start in the morning means better cloth than that made in the later hours 
of the day. We have been accustomed to pass a coarseness not exceeding 
5 per cent, 7. e., we would accept 80 x 76 as a square mesh, Again, the 
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wire is not even in either temper or size. Hard wire, or wire a trifle 
larger than it should be, will not ‘‘go to place’’ with the same blow that 
soft, proper gauge wire would require, We select all wire as carefully as 
possible, and though a great difference is not common in a single skein, 
yet the writer has gauged a skein of brass wire which has shown a full size 
difference when gauged at both ends. Not being wire-drawers, we are at 
a loss to account for this. It seems almost impossible that a die should 
be worn so perceptibly in drawing less than a mile of wire, and yet one 
end of the skein may be round while the other is elliptical in cross-section, 
These causes and others all tend to an irregularity of mesh which shows 
that the weaver is not entirely at fault. 

To eliminate any question of nicety of touch and skill on the part of 
the weaver, fortunes have been sunk in experiments to produce an 
automatic loom, but the other causes remain, and though they affect the 
accuracy to a less degree in a power loom, yet they have a strong influence. 
We have power looms that will make the cloth exact, but cannot use them 
for anything finer than 20 or 30 mesh, and with only a medium weight 
wire. Another cause that may affect the mesh is the inequality of 
““temper,’’ or in other words, speaking of other metal than steel, we should 
perhaps say ‘‘malleability,’’ hardness or softness, but we have come to use 
the word ‘‘temper,’’ however incorrect it may be, in reference to all 
metals used in fabrication of wire cloth. 

The degree of heat to which wire is subjected, in the annealing 
process, may vary with the different charges; more than this, it may 
vary with the heat applied to the different skeins in a single charge, and 
more troublesome still it may be hotter one side of the skein than on the 
other. This makes serious inequalities in the ‘‘temper,"’ and in conse- 
quence a variation in the mesh of the cloth in which it is used. 

7. This question is fairly well covered in above, but in addition 
would state that each wire cloth manufacturer has ideas of his own as to 
what the trade requires; for instance, he may use 48 reed for 50 mesh, 
and have his cloth driven up to 44 the other way, so that he will furnish 
you on your call for so-mesh a piece 48 x 44, while the manufacturer 
who gave you 50 x 50 on your call gives you a cloth that costs him more, 
both for material and labor, than the other. 

Again, certain trades, notably the paper trade, requires cloth not 
driven up square, and 48 x 38 passes for 50-mesh, 68 x 52 for 7o-mesh, 
and if this cloth goes through other channels, as a dealer's hands, he will 
sell a piece to any transient customer, say 58 x 46, and call it 60-mesh, 
and with entire innocence, for he bought it for 60-mesh. 

Mill strainer cloth is another irregularity. It is made of very light 
wire, and not driven up, with any approach to accuracy. In fact, the 
low price obtained for it prohibits care in its manufacture. It is either 
woven by boys or on a power loom, which, as explained above, will not 
insure accuracy in fine meshes. 

8. We, as explained in answer No. 3, would be willing to make any 
mesh of cloth up to and including roo-mesh (or even 120), but we could 
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not consider any proposition (at what would be considered reasonable to Mr. Richard- 
you) to make any finer mesh. ae 

Regarding your specifications: To make fine brass cloth with the 
diameter of wire one-half the width of opening, would result in a flimsy 
fabrication which in use would give you more unsatisfactory results than 
you now attain, 

The individual wires would be of very little use, not only breaking 
very easily, but would push to one side or the other, two contiguous wires 
crowding each the neighboring wire, would separate and give space four 
times the size natural to the mesh. We find that in order to make fairly 
rigid cloth, it is necessary that the diameter of wire be about 80 per cent 
of space size, or practically as shown in our answer to No. 5. To make 
of lighter wire would increase cost, though we presume that is of minor 
importance, and yet must be considered. It would be difficult to make 
this perfectly clear, perhaps. To take sample of case of frequent occur- 
rence; Our customers know that in the coarse grades of cloth, that in a 
certain mesh the price diminishes as diameter of wire decreases, and this 
is true up to about 60-mesh. We make this for stock of No. 36 O.E. 
Gauge Wire (.0075 inch).. They order No. 37 in hopes of obtaining at 
lower price per square foot. The weight of 60 of No. 37 is 75} per cent 
as great as the weight of 60 of 36, and yet material for 37 costs about 
40 per cent more per pound than 36. This difference becomes greater as 
we advance to the finer sizes. No. 200 mesh is made of .00235 inch wire 
(as near as the micrometer gauge will show it). The finest wire the writer 
ever saw was silver .oo2 inch in diameter, and this was shown as a 
curiosity rather than of any practical use. 

It may be that ductility of brass is sufficient to make it practicable 
to draw it to .oor7 inch. but we doubt it, and at what expense? 105,263 
feet to one pound, 7. e., to draw one pound of .oor7-inch brass wire, about 
20 miles of wire must pass through the dies. This is getting down to fine 
work. It means about 16 days’ work to one pound, for the finer the wire 
the more slowly it must be drawn. We do not mean weight, for that is 
evident, but as regards length. Imagine, too, the making of the die. 
Can one expect it to be round, square or true to any regular shape, or 
exactly accurate with regard to size? 

Take even our 80-mesh, the wire wherein is .00575 inch in diameter, 
nearly 3} times the diameter of the wire you specify for the 200-mesh, 
1r4 times as large in area of cross-section, consequently 114 times as 
heavy in a given length, and contemplate the skill required to make a 
hole in a die which shall be round and with an exact diameter smaller 
than the hole in r00-mesh cloth. Consider the care necessary in drawing 
this wire, constant watching to note when the die is worn too large, and 
the whole manipulation until wire is woven into cloth and put into sieves, 
and there will be apparent reasons sufficient for the inaccuracies noted 
by you from time to time. 

Up to roo-mesh, we can make a cloth as accurate as anyone in the 
trade; beyond that, we cannot controlit. We will write parties in Glasgow 
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in a few days, and if we can learn anything of interest to you, will be glad! 
to communicate it to you 

We are willing to put on a short warp, say 36 inches by 100 feet each, 
Nos. 50, 80 and 100 mesh, guaranteeing that it shall be driven up square, 
1. €., the 50 to between 48 and 50, the 80 to between 77 and 80, and the- 
100 to between 97 and 1o1, the wire carefully selected to conform to size 
given in answer No. 5, within 2 per cent of diameter, provided you will. 
agree to find sale for same, at list price net, within one year of completion. 

We are aware that we are undertaking a hard piece of work. The 
delays will be expensive; we shall expect to pay more than the usual. 
price for the wire; every skein will need to be gauged at both ends, and_ 
if long, in the center as well; much of the wire will have to be discarded;. 
the mill will contest our claims of inaccuracy; the cloth will have to be 
carefully and constantly watched, and the supervision will be onerous,. 
but we are desirous of giving you all the satisfaction possible, though 
naturally without pecuniary loss to ourselves, and we, therefore, do not 
consider the whole cost of supervision in naming the above prices. 

As to question No. 9. We have probably in this long and sometimes. 
wandering explanation given you enough data to weary you in a proper 
selection, and the gentlemen to whom you speak as hearers, without 
adding to its burden at the present time. 


From the preceding replies it is very evident where much of. 
the difficulty in regard to the uniformity in sieves arises, and it is 
also very evident that 200-mesh sieves can not be made where the: 
wire is half the diameter of the opening. As a matter of fact, in 
my laboratory it has been found that a better idea can be obtained 
of the fineness of the materials passed by a sieve according to the 
method of Mr. Allen Hazen,* measuring microscopically the 
average size of the largest particles passed by each sieve. 

I can recommend highly the photographic method of counting: 
sieves and of determining the accuracy of the weave. The accom- 
panying photographs show a good and poor 200-mesh cloth. Bad 
cloth, however, as Dr. Lazell says, can be utilized by stopping out 
the more irregular portions with soft solder. For persons using: 
sieves in large numbers, the best way of obtaining fine sieves which 
are uniform is to purchase entire bolts of cloth which is known to: 
be of satisfactory count, and have sieves made from these as they 
are wanted. This is the method practiced in my laboratory. 


*Reports Mass. State Board of Health, 1892, p. 541. 


SOME ATTEMPTS TO LIMIT THE “PERSONAL EQUA- 
TION” IN CEMENT TESTING: 


By W. A. AIKEN. 


When I had the pleasure of opening the discussion on cement 
at the meeting held here two years ago, and then spoke generally 
of the work inaugurated at the cement testing laboratory of the 
New York Rapid Transit Railroad Commissioners, I think I 
referred in touching upon our efforts generally to minimize as far 
as possible the baneful influence of the ‘‘ personal equation” of the 
tester, to some special experiments just then commenced which I 
hoped would lead up to some interesting results. It is the data 
collated from those experiments which have now crystallized into 
a regular part of our work, but so far only for comparison, which I 
wish to lay before you now. We have for two years been regularly 
making up every tenth lot of cement submitted for use on our work, 
under what I call the ‘‘dry”’ process of briquette making, in addition 
to our usual method as practiced in laboratories generally. After 
much experimenting and numberless trials, which were going on 
two years ago, when I referred to this matter casually, I finally 
settled upon the method which we have rigidly adhered to ever 
since. Our gang molds are filled with dry cement in three layers, 
the two lower ones being tamped by three blows of a wooden mallet, 
and a tamping iron exactly fitting the molds, the top layer being 
simply put into place, pressed in and smoothed off with a small 
- trowel after the molds have been filled. We adopted the three 
blows of the mallet because repeated experiments demonstrated 
that this number gave results, when the briquettes were broken, 
approximating the strength we desired in what we considered the 
most acceptable cement at seven-day period—fewer blows not 
giving such satisfactory results in every way, more blows developing 
abnormal strength at that period as well as at later stages. After 
the briquettes are finished, as far as filling the molds is concerned, 
the whole is put into storage tanks and there left to take up 
as much water as required. At the expiration of 24 hours all 
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the briquettes are ready to be taken from the molds, when those 
for the first period are immediately broken and the others stored 
in tanks. By careful weighing of a great many sets of briquettes it 
has been ascertained that 22 per cent of water by weight is taken 
up during the first immersion—this is just 1 per cent more than we 
generally use in ordinary practice, though therein when tempering 
we aim to obtain the same paste consistency always irrespective of 
the per cent of gage water; and while this does occasionally vary, 
from 204 per cent to 22 per cent, working as we have with the output 
of one company’s mills, this variation occurs so seldom that it may 
be ignored in calling our average gage water, 21 per cent. The 
absence of the influences, varying per cent of gage water, always 
possible with different operators, though not entering to any extent 
into even our tempered briquettes, and the actual tempering of the 
mixture with the subsequent molding of the briquettes by thumb 
pressure or tamping, is very pointedly shown by the breaks of these 
“dry” method briquettes. 

First, the variation in weight of individual briquettes, our 
average results always being obtained from to breaks, as well as. 
the variation in tensile strength of these 10 briquettes is markedly 
less than with the ordinary briquettes. The pronounced feature of 
our specifications, viz.: the per cent of gain in strength between 
7 days and 28 days, which requirement to a greater or less extent 
is finding its way into other specifications since the publication of 
this clause under our contract No. 2 for the Manhattan-Brooklyn 
extension, is readily met in practically every instance under this. 
“dry”? method of manipulation, and while this is not applicable to: 
sand mortar tests and does not approximate actual field conditions, 
even to the extent of briquettes ordinarily made, still as cement is. 
not practically used neat, and laboratory results are only for com- 
parison at best, any method giving such uniform results should 
claim attention. 

Here follow some comparative results, the figures given for 
each period, being averages of 300 briquettes, representing over 
50,000 barrels of cement irrespective of its acceptance or rejection. 


ORDINARY WET BRIQUETTES. 
7 days. 28 days. 3 mos. 6 mos. I year. 
ihe IY 791 lbs. 779 Ibs. 774 Ibs. 821 lbs. 
Gain 11.1 per cent., 7 days to 28 days. 


AIKEN ON ATTEMPTS TO Limit PERSONAL EQUATION 559 


“DRY” METHOD BRIQUETTES. 
7 days. 28 days. 3 mos. 6 mos. I year. 
739 lbs. 888 lbs. 903 lbs. 863 lbs. 871 lbs. 
Gain 20.1 percent., 7 days to 28 days. 


Of the lots of above total, which were accepted as approxi- 
mating our gain requirement, the marked showing was as follows: 


ORDINARY WET BRIQUETTES. 
7 days. 28 days. 3 mos. 6 mos. I year. 
705 lbs. 797 Ibs. 788 lbs. 779 Ibs. 863 lbs. 
Gain 13.0 per cent., 7 days to 28 days. 


“DRY” METHOD BRIQUETTES. 
7 days. 28 days. 3 mos. 6 mos. I year. 
710 lbs. 887. lbs. g12 lbs. 878 lbs. 897 lbs. 
Gain 24.9 per cent., 7 days to 28 days. 


Of the lots of first total rejected for marked failure to comply 
with our 15 per cent increase requirement, the results are as follows: 


ORDINARY WET BRIQUETTES. 
7 days. 28 days. 3 mos. 6 mos. I year. 
764 Ibs. 809 lbs. 785 Ibs. 804 lbs. 695 lbs. 
Gain 5.9 per cent., 7 days to 28 days. 


“DRY” METHOD BRIQUETTES. 
7 days. 28 days. 3 mos. 6 mos. I year. 
816 lbs. 937 Ibs. 903 lbs. 880 lbs. 792 lbs. 
Gain 14.3 per cent., 7 days to 28 days. 


which last results would have assured the acceptance of all the 
rejected cement, if the failure to show proper increase had been 
only reason for adverse action. 

Examination will show that in every instance the “dry” 
method briquettes show the greater strength at every period, and 
while the above are averages, the uniformity of results in individual 
lots as referred to before, is very marked so that in most instances 
the lowest ‘“‘dry” break is as good as the best “wet” break. These 
results are very surprising to me, and are incontrovertible evidence 
that the manipulation of the cement by the tester surely works 
detrimentally as far as obtaining most regular laboratory results. 
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L. W. Pacr.—I should like to say that, in 1898 I conducted 
an investigation on dry briquettes. There were several others 
working with me, and I found that the personal equation amounted 
te a good deal. In a series of fifty briquettes, one of the men got 
@ variation of only 2.5 per cent.; other series varied much more. 
During the past winter I have been trying some further exper- 
ments along the same line with Mr. Johnson’s ring-testing machine. 
I found that differences in pressure in molding the briquettes 
- made very great differences in the results. Every brand of cement 
that I used seemed to require a different load to obtain anything 
like uniform results. This it seems to me is a serious objection 
to the method. However, I used steady pressure, and not impact 
in molding the briquettes. 

Rresarp L. Humpsrey (by letter)—Some time ago, when 
I first heard of Mr. Aiken's experiments with this “dry process” of 
making briquettes, I began a series of experiments. These ex- 
periments, while not so extensive as Mr. Aiken’s, were, neverthe- 
less, sufficiently elaborate to test the value of the method. The 
results I obtained far from confirm the views the author has just 
expressed, 

In making tests of cement, the question of strength is not of 
paramount importance. It is far more important to secure 
uniform results than high tests. The object of our tests is to 
determine the relative value of different shipments. The neat 
cement tests are no criterion as to how the cement will act under 
the conditions under which it is used. The strength of mortar 
and concrete is dependent on the adhesive qualities. The question 
of adhesion is one of porosity, which is governed by the character 
ef the material which forms the aggregates of the concrete or 
mortar. Adhesion is not the result of chemical combination, 


but is produced by the cement crystallizing and filling the pores in 
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The sand test affords a better indication of the quality of Mr-Humphrey. 
cement and its fitness for meeting the actual conditions. The 
dry method is very unsatisfactory with sand mortars, and I 
understand Mr. Aiken does not advocate its use. The process 
is therefore confined to neat cement tests only, a limitation which 
practically condemns it, as the sand tests are of more importance. 

As to its use in the neat cement tests, I would remark, that if 
the cement is filled in the mold without compacting, the briquettes 
will not stand immersion in water, as the cement would float away. 
On the other hand the use of considerable pressure results in the 
formation of dense layers, particularly on the surface, which lift 
off after immersion. Owing to the difficulty of filling the molds, 
there was great variation in the density of the briquettes, and 
great variation therefore in the results of the tests. 

Apropos of the filling of the molds, I would call attention to 
the old specifications, which required that Portland cement should 
weigh Iro or 112 pounds per Imperial bushel. It was an exceed- 
ingly difficult matter to so fill the bushel measure as to secure 
uniform results, and this was one of the reasons for its abandon- 
ment as a test. The same objcctions are applicable to filling 
briquette molds with neat cement. 

I recall some briquettes made by this dry process in Mr. 
Aiken’s laboratory in which there was a variation of 150 pounds. 
in the results of the seven-day tests. 

My criticisms of this dry process are: 

1. It is much slower than the usual methods. 

2. It requires that the mold be immersed in water. 

3. The mold cannot be turned over for finishing on both 
sides. 

4. Greater care must be exercised in molding. 

5. It is not adapted to mortar tests. 

‘ss I find as a result of my observations that it requires greater 

skill, much more time, and that the results are far less uniform 

_ than those obtained by the wet paste prescribed by the Committee 
on Uniform Methods of Tests of Cement of the American Society 
of Civil Engineers. 

W. A. AIKEN (by letter)—The records submitted by the Mr. Aiken. 
author are so extensive that no series of mere experiments such as 
Mr. Humphrey refers to as having determined his conclusions can 

36 
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in the slightest degree offset the deduction that in neat tests the 
“dry method” does eliminate two marked influences, controlling 
the so-called ‘“‘personal equation” of the tester, viz., the determina- 
tion of the gage-water percentage and the actual tempering of the 
paste as well as the molding of the briquettes. 

No claim was made as to the adaptability of the method to 
sand-mortar tests. The reason is apparent without a dissertation 
upon the determining value of any cements. The “personal 
equation” in sand-mortar tests is very much less marked than in 
the manipulation of neat pastes, and, in fact, need not be consid- 
ered when experienced testers are in comparison. 

In describing the “dry method” the author assumed that any 
experienced operator would know that unless the dry cement was 
protected from the water’s lifting tendency, it might float away. 
When the molds are properly protected there is neither any ten- 
dency to ‘float away” or to form dense surface layers as Mr. 
Humphrey states. Again, Mr. Humphrey’s reference to the 
variation in density of his experimental briquettes is contrary to 
the author’s reported experience that the variation in weight of 
these ‘‘dry method” briquettes is uniformly small.- 

Referring to Mr. Humphrey’s five criticisms of the method, 
the author would reply: 

1. The process is much more rapid than any other. 

2. The mold immersion is the ‘‘essence”’ of the process. 

3. The author always uses gang molds, with permanent bases, 
thus obviating the under-side finishing, which he considers objec- 
tionable under any circumstance. 

4. The process requires much less care and experience than 
any other. 

5. No claim was, or could be ee as to the process’ applica- 
tion to such mortar tests. 

In conclusion, no such records within the author’s knowledge, 
covering such periods and a similar number of tests have ever been 
previously submitted, in comparison with regularly made briquettes 
of identically the same cement. 

The results were only intended to show that if neat tests are 
used, this “dry method” does eliminate to a large extent the per- 
sonal equation. No question was raised as to the relative value 
of neat-paste and sand-mortar tests. 
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OF THE 


AMERICAN SOCIETY FOR TESTING MATERIALS, 


To the Honorable the Judges of the Court of Common Pleas No. 2 
in and for the City and County of Philadelphia: of March 
Term, 1902, No. 2056: 


In compliance with the requirements of an Act of the General 
Assembly of the Commonwealth of Pennsylvania, entitled “An 
Act to Provide for the Incorporation and Regulation of Certain 
Corporations,” approved the 29th day of April, A.D. one thousand 
eight hundred and seventy-four, and the supplements thereto, the 
undersigned, Henry M. Howe, Charles B. Dudley, Edgar Mar- 
burg, Robert W. Lesley, Mansfield Merriman, Albert Ladd Colby 
and William R. Webster, six of whom are citizens of Pennsylvania, 
having associated themselves together for the purposes hereinafter 
set forth, and desiring that they may be incorporated according to 
law, do hereby certify: 

1. The name of the proposed corporation is the “‘ AMERICAN 
Soctety FoR TrstinG MATERIALS.” 

2. The corporation is formed for the Promotion of Knowledge 


of the Materials of Engineering, and the Standardization of Speci- 


fications and the Methods of ‘Testing. 

3. The business of the said corporation is to be transacted in 
Philadelphia. 

4. The said corporation is to exist perpetually. 

5. The names and residences of the incorporators are as 
follows: 


Henry M. Howe, 27 West Seventy-third Street, New York. 

CuHartes B. Dupiry, Altoona, Pa. 

EpcGar Marpurg, 517 South Forty-first Street, Philadelphia. 

Rosert W. LEstey, 22 South Fifteenth Street, Philadelphia. 

MANSFIELD MERRIMAN, South Bethlehem, Pa. 

ALBERT Lapp Cosy, South Bethlehem, Pa. 

Wittram R. WessteER, “The Bartram,” Thirty-third and 
Chestnut Streets, Philadelphia. 
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6. ‘The management of the said corporation shall be vested 
in an Executive Committee, consisting of six (6) members, viz.: 
the Chairman, the Vice-Chairman, the Secretary, the Treasurer 
and two other members of the corporation, and such other officers 
as the corporation may from time to time appoint. 

7. The corporation has no capital stock, and the members 
thereof shall be composed of the subscribers and their associates 
and of such persons as may from time to time be admitted by 
vote in such manner and upon such requirements as may be 
prescribed by the By-Laws. The corporation shall nevertheless 
have power to exclude, expel or suspend members for just or legal 
cause, and in such legal manner as may be ordained and directed 
by the By-Laws. 

8. The By-Laws of this corporation shall be admitted and 
taken to be its laws subordinate to the statute aforesaid; this 
Charter; Constitution and Laws of the Commonwealth of Penn- 
sylvania, and the Constitution of the United States; they shall 
be altered and amended as provided for by the By-Laws them- 
selves; and shall prescribe the powers and functions of the Execu- 
tive Committee herein mentioned and those to be hereafter elected, 
the times and places of meetings of the Committee and this corpora- 
tion; the number of members who shall constitute a quorum at 
the meetings of the corporation, and of the Committee; the qualifi- 
cations and manner of electing members; the manner of electing 
officers; and the powers and duties of such officers; and all other 
concerns and internal arrangements of the said corporation. 

Witness our hands and seals this twenty-first day of March, 
A.D. 1902. 

; EDGAR MARBURG, 
R. W. LESLEY, 
(Signed) , Wh. R. WEBSTER, 
MANSFIELD MERRIMAN, 
(ALBERT Lapp CoLpy. 


BY-LAWS. 


ARTICLE I. 


MEMBERS. 


SECTION 1. Any person, corporation or technical society hold- 
ing membership in the International Association for Testing 
Materials is eligible for membership. 

SEC. 2. Any person, corporation or society can become a 
member of this Society and of the International Association for 
Testing Materials simultaneously upon being proposed by two 
members of this Society and being approved by its Executive 
Committee. 

Src. 3. Any member who subscribes annually the sum of fifty 
dollars ($50) toward the general funds of the Society shall be 
designated a Contributing Member, his rights and privileges as a 
member remaining unchanged.* 

Sec. 4. Applications for membership and resignation from 
membership must be transmitted in writing to the Secretary. 


ARTICLE II. 


OFFICERS AND THEIR ELECTION. 


SECTION 1. The officers shall be a President, Vice-President, 
Secretary and Treasurer. 

Src. 2. The offices of Secretary and Treasurer shall be held 
by the same person. 

Sec. 3. These officers shall be elected by letter-ballot, at the 
_Annual Meeting, and shall hold office for two years. 

Sec. 4. The Executive Committee shall consist of these officers 
and also the last past-President and three members, two being 
elected by letter-ballot at each Annual Meeting in the odd years 
and one at each Annual Meeting in the even years. 

Src. 5. The President shall be, ex officio, the nominee for 
American Member of the Council of the International Association. 

Src. 6. The Secretary shall receive a salary to be fixed by the 
Executive Committee. 


* The Executive Committee has ruled that Contributing Members 
shall be exempt from the regular membership dues. 
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Sec, 7. The officers and members of the Executive Committee 
of this Society to hold office until the next election under these 
By-Laws, shall be as follows: To hold office for two years— 
President, Charles B. Dudley; Vice-President, R. W. Lesley; 
Secretary-Treasurer, Edgar Marburg; members of the Executive 
Committee, Henry M. Howe and James Christie. To hold office 
for one year—members of the Executive Committee, Albert Ladd 
Colby and John McLeod, 

Src. 8 The above officers and members of the Executive 
Committee, as well as all succeeding officers and members of 
the Executive Committee elected under these By-Laws, shall 
serve for the respective terms to which they shall have been 
elected, or until their successors shall have been duly elected. 

Src. o. The Executive Committee shall have the power to 
fill any vacancies occurring in their number by death, resignation 
or otherwise. 

Sec. to. The election of officers and members of the Executive 
Committee shall be by letter-ballot. The Executive Committee, 
before each Annual Meeting, shall appoint a Nominating Com- 
mittee, whose duty it shall be to nominate a full list. of officers. 
The list of nominations so made shall be submitted to the member- 
ship not more than eight (8) nor less than four (4) weeks before 
the coming Annual Meeting. 

Further nominations, signed by at least ten (10) members, . 
may be submitted to the Secretary in writing at least four (4) 
weeks before the Annual Meeting, and such nominations shall 
also be submitted to the membership on the official ballot. 


Articte ITT. 
MEETINGS. 


Srcrton 1. The Society shall meet annually. The time and 
place of each meeting shall be fixed by the Executive Committee. 

Sec. 2. Special meetings may be called whenever the Execu- 
tive Committee shall deem it necessary, or upon the request in 
writing to the President of twenty-five (25) members. 


Articie IV. 
DUES. 


Srcrron 1, The fiscal year shall commence on the first of 
January, and all dues shall be payable in advance. 
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Sec. 2. The annual dues of each member shall be $5.00. Of 
this amount $1.59 shall be transmitted by the Secretary to the 


_ International Association for Testing Materials. ‘The remainder 
_ shall be applied to the treasury of the Society. 


Sec, 3. Any member of the Society whose dues shall remain 


unpaid for the period of one year shall forfeit the privileges of 
_ membership. If he neglects to pay his dues within thirty days 
_ thereafter, and after notification from the Secretary, his name 
_ may be stricken from the roll of membership by the Executive 


Bie. 


Committee. 
ARTICLE V. 


AMENDMENTS. 


_ Section 1. Proposed Amendments to these By-Laws, signed 
by at least three members, must be presented in writing to the 
Executive Committee at least four weeks before the next Annual 
Meeting. In the notices for this meeting the proposed Amend- 


ments shall be printed. At the Annual Meeting the proposed 


Amendment may be discussed and amended and may be passed 
to letter-ballot by a two-thirds vote of those present. 

If two-thirds of the votes obtained by letter-ballot are in 
favor of the proposed Amendment, it shall be adopted. 

Sec. 2. The Executive Committee is authorized to number 


‘the Articles and Sections of the By-Laws to correspond with any 


changes that may be made. 


RULES GOVERNING THE EXECUTIVE COMMITTEE. 


1. Regular meetings shall be held on the first Saturday in 
January, April, July and October. Four members shall constitute 
a quorum. 

At each meeting the Secretary shall report the names of all 
new members and of members who have resigned during the 
previous quarter, and shall present a financial statement. 

At the January meeting the Secretary shall report the names 
of all members whose dues are 


unpaid. 
The accounts of the Secretary shall be duly audited at the © 


middle and close of each fiscal year, and the report of the auditors 
shall be presented in writing at the July and January meetings. 

2. Special meetings may be held at any time at the call of 
the President, or upon the written request of four members of 
the Executive Committee. The notice for such meetings shall 
be mailed by the Secretary at least one week in advance of the 
meeting, and the business shall be stated in the notice. 

3. The Secretary shall transmit to the International Associa- 
tion within five days after the first day of January, April, July 
and October $1.50 for each member whose dues were paid in the 
previous quarter together with the names of those members. 

No other expenses shall be paid except on vouchers certified 


to be correct by the Chairman of the Committee on Finance, or 


‘a member thereof designated by the Chairman. 
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INTERNATIONAL ASSOCIATION FOR TESTING MATERIALS. 


Hisiorical—The International Association for Testing Ma- 
terials had its origin in a conference of a small group of workers 
in experimental engineering held in Munich in 1882, at the instance 
chiefly of the late John Bauschinger. Meetings on a larger scale 
were subsequently held in Dresden (1884), Berlin (1886), Munich 
_ (#888), Vienna (1893) and Zurich (1895). At the Zurich Congress 
the International Association for Testing Materials was formally 
organized, the Second Congress was held at Stockholm in 1897, 
the Third Congress met at Buda-Pesth in roor,* and the Fourth 
Congress will assemble at St. Petersburg August 18-25, 1905. 

Membership—The membership, according to the latest official 
report (November, 1904), is distributed as follows: United States, 
580;t Germany, 367; Russia, 357; Austria, 103; France, 154, 
Switzerland, 82; Hungary, 80; Belgium, 53; England, 52; Italy, 
50; Sweden, 49; Denmark, 48; Holland, 45; Norway, 44; Rou- 
mania, 18; Spain, 14; Portugal, rz; Servia, 5; Australia, 4; Lux- 
emburg, 4; Brazil, 2; Argentine Republic, 1; Chili, 1; Japan, 1. 
Total, 2,215, representing 24 countries. 

Obdjects—The objects of the Association, as set forth in its 
By-Laws,} are: “The development and unification of standard 
methods of testing; the investigation of the technically important 
properties of the materials of construction and other materials of 
technical importance, and also the perfecting of apparatus used 
for that purpose.” 

The important subject of specifications has, however, also 
been included within the scope of the Association's activity. Thus. 
International Committee No. 1 has been charged to report on the 
following problem: “On the basis of existing specifications, to 
seek methods and means for the introduction of international 
specifications for testing and inspecting iron and steel of all kinds.” 


* The Third Congress, originally scheduled for rg00, to be held at 
Paris during the Exhibition, was abandoned in order not to conflict with 
the International Testing Congress, conducted under French auspices. 

} The American membership is now (January, rees) 603, 

t These By-Laws are given in full on pp. 633-635, 
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Again, in pursuance of American initiative at the Buda-Pesth 
Congress (1901), Committee No. 1 has been enlarged by the 
addition of three American members, with a view of reporting on 
‘Standard International Specifications for Cast Iron and Finished 
Castings,’ and Committee No. 22 has been instructed to report 
““On the Feasibility of the Establishment of Standard International 
Specifications for Cements.” 

Administration.—The affairs of the Association are admin- 
istered by a Council, consisting of the President and one repre- 
sentative (member of Council) from each country having a mem- 
bership of twenty (20) or more. 

Methods.—The original plan was to conduct investigations 
almost exclusively through the agency of international committees. 
These committees proved unwieldy, however, by reason of their 
large membership, with the added difficulties arising from geo- 
graphical separation and differences of language. In pursuance 
of resolutions at the Buda-Pesth Congress (1901) the Council has 
discharged some of these committees, reassigning the problems in 
part to individual referees.* In the case of questions of direct 
international concern the original international committees are 


‘continued. 


At the international congresses the reports of these committees 
as well as individual contributions by members are presented and 
discussed. 

Publications—On May 5, 1896, the International Council 


effected an arrangement with the publishers of Bawmaterialen- 


kundet+ (Materials of Construction) by which that journal became 
the official organ of the Association. Since July, 1896, this journal 
has published the Proceedings of Congresses and other official 
matter in German and French. The fact that the Association 
did not furnish printed Proceedings to members free of charge, 
and that no provision had been made for translation into English, 
gave rise to no little dissatisfaction. At the Buda-Pesth Congress 
(1901) the International Council was) accordingly authorized to 
perfect a new arrangement by which, all official matter is to be 

* For complete list of problems, committees and referees, see pp. 
636-643. 

+ Baumaterialenkunde: Published bi-weekly at Stuttgart, Germany, 
in German and French. Regular subscription price $3.50 per annum; 
special terms to members of the International Association for Testing 
Materials, $2.50 per annum. Address: Staehle & Friedel, No. 57 Tuebin- 
ger Street, Stuttgart, Germany. 
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published in three separate editions (German, English and French) 
and sent free of charge to every member of the Association in what- 
ever language may be preferred. 


ORGANIZATION OF THE AMERICAN MEMBERS OF THE INTER- 
NATIONAL ASSOCIATION. 


Historical.—With a view of bringing the members of like 
nationality into closer relations among themselves, and in order 
to simplify the management and render the work of the Associa- 
tion more effective, it was decided at the Stockholm Congress (1897) 
to encourage the consolidation of the membership in the various 
countries into separate national organizations. In pursuance of 
this action the American members met in Philadelphia on June 16, 
1898, and organized under the name of the ‘American Section of 
the International Association for Testing Materials.” 

In March, 1902, the Executive Committee of the American 
Section applied for a Charter under the laws of the State of Penn- 
sylvania. for purposes of incorporation under the proposed new 
name of the “American Society for Testing Materials.” This 
‘Charter was duly granted, and at the Fifth Annual Meeting, held 
at Atlantic City, N. J., it was unanimously adopted on June 12, 
1902. 

Objects.—The objects of the Society are essentially identical 
with those of the International Association, with which it stands 
in direct organic relation, both through its membership in the 
‘same as a body, and through the prescribed individual membership 
on the part of every one of its members. 

As stated in the Charter: ‘‘The corporation is formed for 
the promotion of knowledge of the materials of engineering, and 
the standardization of specifications and the methods of testing.”’ 

Representation on the International Council.—The American 
members are entitled to one representative on the International 
‘Council. By the new Statutes of the Association (1901): “the 
members of Council shall be proposed by the members of each 
country; their final appointment being confirmed by the Con- 
gress.” According to the By-Laws of the American Society the 
President becomes, “ex officio, the nominee for American Member 
of the Council of the International Association.” 

Meetings.—The Society meets annually at a time and place 
fixed by the Executive Committee. Special meetings may also 
be called in accordance with the provisions of the By-Laws. 
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Annual meetings have been held in past years as follows: 

First Annual Meeting, Philadelphia, Pa., House of Engineers” 
Club of Philadelphia, August 27, 1898. 

Second Annual Meeting, Pittsburg, Pa., Rooms of Engineers’ 
Society of Western Pennsylvania, August 15, 16, 1899. 

Third Annual Meeting, New York, N. Y., House of American 
Society of Mechanical Engineers, October 25, 26, 27, 1900. 

Fourth Annual Meeting, Niagara Falls, N. Y., International 
Hotel, June 29, 1901. 

Fifth Annual Meeting, Atlantic City, N. J., Hotel Traymore, 
June 12, 12,14, 1902: 

Sixth Annual Meeting, Delaware Water Gap, Pa., Hotel 
Kittatinny, July 1, 2, 3, 1903. 

Seventh Annual Meeting, Atlantic City, N. J., Hotel Tray- 
more, June 16, 17, 18, 1904. 

Membership.—The number of American members at the time 
of the organization meeting in 1898 was 70. The membership: 
reported at the successive annual meetings was as follows: (1899) 
128, (1900) 160, (t901) 168, (1902) 175, (1903) 349, (1904) 485, 
and it is now (January, 1905), 603. 

Methods.—The operations of the Society are conducted in 
part under the auspices of the International Association and in 
part independently. 

The number of American representatives on international 
committees is fixed by the International Council. These American 
sub-committees are authorized, however, to increase their number 
at pleasure, subject always to the approval of the Executive Com- 
mittee of the American Society. The sense of these enlarged sub- 
committees on all questions is determined by majority vote; but 
on the international committees the representation and the number 
of votes allowed remain as originally fixed by the International 
Council. 

The American Society appoints other committees at its dis- 
cretion entirely independently of the International Association.. 
On committees concerned with subjects involving commercial. 
interests, the policy is to accord equal numeric representation to 
engineers, scientists and representatives of consumers on the one 
hand, and to manufacturers or their representatives on the other. 
The permanent chairmanship must be held by a member belcng- 
ing to the former class, duly elected by the committee. 

The Committees of the American Society are now as follows: 

A. On Standard Specifications for Iron and Steel. 

B. On Standard Specifications for Cast Iron and Finished 
Castings. 
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. On Standard Specifications for Cement. 
. On Standard Specifications for Paving and Building Brick. 
On Preservative Coatings for Iron and Steel. 
On Heat Treatment of Iron and Steel. 
On the Magnetic Properties of Iron and Steel. 
. On Standard Tests for Road Materials. 
On Reinforced Concrete. 
On Standard Specifications for Foundry Coke. 
. On Standard Methods of Testing. 
On Standard Specifications and Tests for Sewer Pipe. 
. On Standard Specifications for Staybolts. 
. On Standard Tests for Lubricants. 
. On Uniform Speed in Commercial Testing. 
. On Fire-proofing Materials. 
. On Standard Specifications for the Grading of Structural 
Timber. 

R. On Boilers. 

Publications.—The publications of the Society appeared orig- 
inally at irregular intervals in the form of bulletins. Twenty- 
eight (28) bulletins, containing a total of 266 pages, were thus 
issued. In 1902 it was decided to publish the Proceedings there- 
after in the form of annual volumes. In passing to this new plan 
of publication the twenty-eight bulletins previously issued were 
counted collectively as Volume I. The first of the annual volumes, 
designated Volume II and issued in 1902, contains 388 pages. 
Volume III, issued in 1903, contains 490 pages.* 

A notable work accomplished by the Society is the framing, 
by the American Branch of International Committee No. 1 (en- 
larged for this purpose to thirty-four members), and the adoption 
in August, 1901, by letter-ballot of the Society, of Standard Speci- 
fications on (1) Structural Steel for Bridges and Ships, (2) Struc- 
tural Steel for Buildings, (3) Open-hearth Boiler Plate and Rivet 
Steel, (4) Steel Rails, (5) Steel Splice Bars, (6) Steel Axles, (7) 
Steel Tires, (8) Steel Forgings, (9) Steel Castings, (10) Wrought 
Iron. These ten Standard Specifications are published separately 
in the order given as Bulletins Nos. 8 to 16 inclusive, and Bulletin 
No. 24. 

Committee B, on Standard Specifications for Cast Iron and 
Finished Castings prepared specifications for the following 
products which were adopted as Standard Specifications by letter- 
ballot in November, 1904, (1) Cast-Iron Pipe and Special Cast- 
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ings, (2) Foundry Pig Iron, (3) Malleable Castings, (4) Locomo- 
tive Cylinders. 

Standard Specifications for Cement, prepared by Committee OF 
were adopted by letter-ballot in November, 1904. 

Proposed Standard Specifications for other materials and 
finished products are in course of preparation by various com- 
mittees. 
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ANNUAL REPORT OF THE EXECUTIVE COMMITTEE. 


Since the Sixth Annual Meeting of the Society, the Executive 
Committee has held four regular quarterly meetings and one 
special meeting. One of the regular meetings was informal by 
reason of the absence of a quorum. An abstract of the minutes 
of these meetings is appended to this report. 

The Society’s progress during the past year is most encour- 
aging. ‘The membership has grown from 349 to 485. The Pro- 
ceedings of the last annual meeting yielded a volume of 490 pages, 
which attracted wide and favorable attention both in this 
country and abroad. The sale of publications for the year has 
increased more than three-fold. Several of the more important 
technical committees have shown great activity during the year, 
and will submit their reports at this meeting. The appeal of the 
Executive Committee for financial support met with prompt and 
generous response, as set forth in detail below. 

New Committees —The list of technical committees has been 
increased, partly in pursuance of action at the last annual meeting, 
as follows: 

Commitiee H. On Standard Tests for Road Materials. 

Commiitee I. On Steel-Concrete. 

Committee J. On Corrosion of Metals. 

Committee K. On Standard Tests for Boilers. 

At the request of the Committee on Bitumen, that committee 
has been discharged. The number of technical committees is now 
eleven. 

Publications—In addition to the annual volume of the Pro- 
ceedings (Vol. III, 490 pp.) a pamphlet of 79 pages, containing 
the list of members and other data relative to the Society, was 
issued, as well as eight official circulars of information. 

Membership—The membership at the last annual meeting, 
was 349. Since then 166 new applications for membership have 
been received and approved. The Society has sustained a loss of 
three members through death: George S. Morison died on July 1, 
1903; Robert H. Thurston, on October 25, 1903, and Henry U. 
Frankel, on December 8, 1903. The number of resignations for 
the year is 14, and 13 members were dropped for arrears in dues. 
The new By-Laws enabling the Executive Committee to drop 
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delinquents became operative during the year. Of the 13 mem- 
bers dropped, ro were in arrears for more than one year. The 
total loss from all causes is 30, leaving a net gain of 136 for the year, 
and making the total membership at present 485. 

Finances —The financial condition of the Society may be 
judged from the following report for the year on the part of the 
Treasurer. The cash balance is $469.68, and there are no unpaid 
bills on hand. : 


ANNUAL REPORT OF THE TREASURER. 


From June 30, 1903, to June ro, 1904. 


RECEIPTS. 

METMSETS OI PE CUICS iol aires ras oletaieialsierete Sioniet tin tersacrsics $1,437 50 
Dues contribute mem bers... ein cc ake Sele ies I,250 00 
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PPCSWOES DU DUCATIONS 1st et ierd neta mre che wa eisistheels 182 84 

PRED LINES We ca) ciel ctenereisiors eval orotate reise omimaieas cad chin sovevate 122 38 
Wrders tor: bn dinG ey yc ciseiasie sade waiiowie sista eene le 65 50 
International Gonpress Sees). je cnstaaitie ss ae ereters 157 50 

Dale Ot EleCtrouypes.we < «sie oie ate starartieto ene se esha 2 70 
EXCESS “PEATE LATICES a 70, 5's wees 's ems forwretosiews ois! a re wiela. nis 125 80 
Interest on deposits ....... Bs tts eh een IC 14 29 
MOU TECRI PLS oc ecic-a cicreia ere erature eee eee. s $5,215 68 

Cashy balances [ine 30,5 18004 5 one aesie wel 263 27 

———— $5,478 95 
DISBURSEMENTS. 

; Membership dues, International Association ...... $706 50 
| - Printing, engraving, binding, stationery, etc....... 1,912 33 
; MOCre tary Se Salar Vane ha cas tides «tate stsrciejsialelaniaie tera le.s I,500 00 
SGTICAL SERVICES Norse ela: Ailn(!s! «iain sc wats wialelolalomelelaiciels 212 50 

q Expenses Secretary's (office j <j. =.s)..- odin ares oleae 239 00 
7 Stenographer, Sixth Annual Meeting ............ 135 69 
| Opitnit peal OX PEMSeS its san ole chtaiaaie x aictela’sic's = sia ( 20 00 
: International Congress fees refunded ............ 157 50 
Excess remittances refunded........ is iaine's\s sicisie's 125 75 
POG CuSDUTSEMICDLS joist sie x ors eo oe se pores es $5,009 27 

Cash sbalance sine 20,1904 ss ncics Sele en's 469 68 


$5,478 95 
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The lists of Contributing Members and Subscribers follow: 


CONTRIBUTING MEMBERS. 


Ajax Metal Company, Latrobe Steel Company, 

Anderson, J. W., Lesley, R. W., 

Booth, Garrett and Blair, Lowe, Houston, 

Cambria Steel Company, Lukens Iron and Steel Company, 

Carnegie Steel Company, McLeod, John, 

Central Iron and Steel Company, Metcalf, William, 

Dixon, R. M., Mitchell, Joseph, 

Dudley, Charles B., Orford Copper Company, 

Goodnow, C. A.,representing the Pennsylvania Steel Company, 
Chicago and Alton Railroad, Polk, W. A, 

Hammond, R. R., representing the Stevens, J. F., representing the Chi- 
St. Louis and San Francisco Rail- cago, Rock Island and Pacific 
road, Railroad. 


Harahan, J. T., representing the Vannier, C. H., 
Illinois Central Railroad, 
Illinois Steel Company, 


Jones and Laughlins, Limited, SOCAL ete tnrernr erie a5 
SUBSCRIBERS. 

Batley, Ji Bios sivis: «a's woals-s gia eel eretee a ae oe RRR eine ra eS cErOn Tet $5 
Baltimore and*Obio Railroad sarun pine eknaes een eoe year eaeinene 50 
Cambria Steel! Company cyan cen mie ope ici sieeel ears reenTeree airy ieceennTa 5° 
Christie,“ Jamies s..c's, aviesie a cfeeie/ Se eh cote e eno ON atarten Tete 50 
Cook Bd gat S.ic.. sats aclecd ante seutn veo ttre NO ihe CTEM oEAIN ane + aes raneT te 25 
Corthelll Helis: a yak csetataracn ele mee ee RTO Ore Me eh ie ORE 10 
Dev Armond): Wie Crs jicveq a cone deat smaitcnie inreteieiiahe s tnethretreteints 25 
Hoamnt Roberts W.. Company iA cs atone enhere xisieiacu esi vuKuen tee etary 50 
International Acheson Graphite Company ...........0eeeeee 10 
Tareson, ‘Ci Ge Es 550 arven 9 \eloneintetyietsivia appt yortd Pete et ya ere gel shea 17 
Tob dell Wc Wants oitera,elaueres urueuel etpy adodson asl Mmmm tin tee ; 25 
Long Island Railroad «, .:s.s\ cs eo eikle UN ee Riainee Un inCreate sha 25 
Matchams Chass Avr. cccnsneieetetsa tet tei renee Rhone peer 25 
Moldenike Ri Grrr ile etary rere aia arene tne He eee sek 10 
MOstronnay J). DN. sh. te leustehs awe letabc teat er ova ear Cie aainohs Eaeis ENT enai es is perce 5 
Pennsylvania Railroad). 1s onrut nat aie Okita a nthe Tienes 200 
Pennsylvania steel: COMPANY sa aunitd ae tue atenMeetMmntnestreanin eets air 
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Schneiders: CeO. 5, Lc algre tere bl salina Avior eenRS yiNatal GL CRIeOe cane een 50 
PS COTE Wei, traits ivi wlia' xs coir adel ot See ats ta 20 
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LEVENSON CAs alate mar svc iutersfaaigeay etd t are o.'cre/5 01 Vuelsl ls) eth) cid v0ck) 4 tau $5 00 
United States Steel Corporation ec. secesccencnssvensys 950 00 
NVOOCMVVACOT Ria Melstone ote aiviatiee sities GlekieivrancteLtaohedeye is eisiieary Oa 25 00 

$1,857 x7 


In order that the Society may become self-sustaining as soon 
as possible, the Executive Committee proposes to introduce an 
amendment to the By-Laws, designed to increase the annual mem- 
bership dues from $3 to $5. 

Relations with the International Association for Testing 
Materials —The relations of the Society with the International 
Association during the past year have been limited practically to 
routine correspondence. At the instance of the International 


- Association three circulars containing announcements relative to 


the proposed St. Petersburg Congress and the publications of 
affiliated national societies have been distributed among our mem- 
bers. ‘The last Congress was held in Buda-Pesth, September 9-14, 
1901. ‘The next Congress, which was originally to be held at St. 
Petersburg in 1903, has been twice postponed, first till 1904, then 
till 1905. ‘The second postponement was occasioned by the war 
between Russia and Japan. During the past four years the Society 
has remitted the sum of $1,916.50 to the International Association, 
for which practically no returns have been received. The Ameri- 
can membership is now far ahead of the membership in any other 
country, and our remittances to the International Association are 
now at the rate of over $700 per annum. 

The International Association having finally abandoned the 
plan of establishing an international sidero-chemical laboratory, 
the American subscribers to the funds raised some years ago for 
the above purpose, viz: The Pennsylvania Steel Company and 
Dr. Richard Moldenke, very generously agreed to donate these 


‘ subscriptions, with accumulated interest, to the treasury of the 


Society. 

In the matter of publications on the part of the International 
Association, concerning which so much dissatisfaction has been 
felt in this country, the plan announced for the St. Petersburg 
Congress was as follows: 


The reports of Committees and Referees on technical subjects are 
to be translated in three languages, English, German and French, and 
sent to every member of the Association, free of charge, in whatever 
language he prefers. 
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Scientific papers of a non-official character are to be printed in their 
original language, followed by abridged summaries in three languages. 
Such papers are to be supplied free of charge to members in attendance 
at the Congress, and sold at the rate of $2.50 for the set, to members 


in general, 

While the above proposition is perhaps as liberal as can be 
reasonably expected under present financial conditions, the value 
of the returns, both in content and in point of translation, can not 
be judged till the plan has been put to a practical test. 


Submitted on behalf of the Executive Committee, 


Epcar MARBURG, CHARLES B. DUDLEY, 
Secretary. President. 


REPORT OF AUDITING COMMITTEE. 
PHILADELPHIA, June 10, 1904. 


To the Executive Committee of the American Society for Testing 
Materials: 

We have examined the books and accounts of the Secretary- 
Treasurer from January 2, 1904, the date of the last audit, to June 
10, 1904, the date of the annual report of the Treasurer, and find. 
the cash balance of $469.68 to be correct. 


[Signed] R. W. LEsLey, 
J. A. Corsy, 
Auditing Committee. 


APPENDIX. 


ABSTRACT OF MINUTES OF THE EXECUTIVE COMMITTEE. 


Recurar Meetinc, July 3, 1903.—Hotel Kittatinny, Delaware 
Water Gap, Pa. Present: Messrs. Dudley, Lesley, Christie, Colby and 
Marburg. 

The Secretary reported the receipt of 41 applications for mem- 
bership, duly approved, and the loss of one member by death—W. P. 
Black, who died on December 12, 1902, making the total membership 
349. 

The Secretary was instructed to notify members in arrears for 
dues that unless their dues were paid on or before August 1, 1903, they 
would become subject to the provisions of the By-Laws with respect 
to delinquents. ; 

A report was received from the Auditing Committee, consisting of 
Mr. R. W. Lesley and Mr. James Christie, to the effect that the cash 
balance of $263.27 on July 1, 1903, was found correct. 


REGULAR MEETING, October 10, 1903.—Engineers’ Club of Phila- 
delphia, 1122 Girard Street, Philadelphia, Pa. Present: Messrs. Dudley, 
Christie and Marburg of the Executive Committee, and Mr. W. R. Webster 
on invitation. 

In the absence of a quorum it was decided to hold an informal 
meeting, with the understanding that any action taken would be subject 
to the approval of the Executive Committee at its next meeting. 

The Secretary reported the receipt of 49 applications for member- 
ship, duly approved, the dropping of 10 members for arrears in dues, 
and the loss of one member by death, Geo. S. Morison, who died July 1, 
1903, making the total membership 387. 

The Secretary reported that the letter ballot on the proposed amend- 
mints of the By-Laws according to the resolutions passed at the annual 
‘meeting, had resulted favorably; the amendments in question being as 
follows: ‘ 

1. That Section 3, Article 1, be designated Section 4. 

2. That a new Section 3 be inserted, viz.: Any member who 
subscribes annually the sum of fifty dollars ($50) toward the general 
funds of the Society shall be designated a Contributing Member, his 
rights and privileges as a member remaining unchanged. 

It was decided that the price of previous publications to members 
‘be fixed at $2.00 per volume. 

The following action was taken on the matters referred to the Ex- 
ecutive Committee at the Sixth Annual Meeting: 
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tr. It was resolved to appoint a committee on ‘Standard Speci- 
fications for the Testing of Road Materials.” 

2. Favorable action was taken on the question of co-operation 
with other societies toward bringing about a modification of the laws 
governing the inspection of steamboat and steamship boilers. 

3. The recommendation of the committee on Bitumen that it 
be discharged, was approved. 

Action on the following resolutions passed at the Annual Meeting 
was deferred: 

1. That the Executive Committee be requested to consider the 
desirability of appointing a committee on ‘‘Reinforced Concrete,” with 
a view of co-operating with committees of other societies in the study 
of that subject. 

2. That the question as to what, if anything, should be done by ~ 
way of studying the behavior of metal subjected to alternate stresses. 
be referred to the Executive Committee with power. 


SpeciaL Mestinc, December 5, 1903.—Engineers’ Club of Phila- 
delphia, 1122 Girard Street, Philadelphia, Pa. Present: Messrs. Dudley, 
Christie, Lesley, McLeod and Marburg of the Executive Committee, 
and Mr. Wm. R. Webster on invitation. 

The action taken at the last quarterly meeting on October ro, in 
the absence of a quorum, was formally approved. 

The following resolution off_red at the Annual Meeting: “That 
the Executive Committee be requested to consider the desirability of 
appointing a committee on ‘‘Reinforced Concrete,’ with a view of 
co-operating with committees of other societies in the study of the 
subject,"” on which action was deferred at the last meeting, was duly 
considered and approved. 

It was decided to defer action on the question of appointing a com- 
mittee on the investigation of alternate stresses, pending further inquiry 
which the Secretary was instructed to make. 

In pursuance of an inquiry on the part of the chairman of one of 
the technical committees, the following resolutions were passed applicable 
to technical committees in general: 

rt. That the Society cannot assume the traveling expenses of 
members. 

2. That applications for financial aid for the prosecution of com- 
mittee work shall receive due consideration, provided that a detailed 
program accompanied by a cost estimate be submitted. 

A report on “‘The Grading of Cast Iron,’’ received from Committee 
B, was referred to Committee A. 

It was decided to appoint a committee on ‘‘'The Corrosion of Metals.’’ 


REGULAR MEETING, January 9, 1904.—Engineers’ Club of Phila- 
delphia, rr22 Girard Street, Philadelphia, Pa. Present: Messrs. Dudley, 
Lesley, Christie and Marburg. 
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The Secretary reported the receipt of 29 applications for member- 
ship, duly approved, five resignations and the loss of one member by 
death, Robert H. Thurston, who died on October 25, 1903, making 
the total membership 4r1r. 

The Auditing Committee, consisting of Messrs. R. W. Lesley and 
W. R. Webster, announced that they had duly examined the accounts 
of the Treasurer and that they had found the balance of $646.18 on 
December 31, 1903, correct. 

It was decided to interpret the By-Laws as exempting-the Contribu- 
ting Members from the annual dues of $3.00 and to distinguish the names 
of such members in the published membership list by an asterisk. 

The Secretary was instructed to insert a printed list of Contributing 
Members and of Subscribers, together with the amounts subscribed, 

_ in the annual report of the Executive Committee. 

The Secretary presented a letter from President Tetmajer expressing 
the hope that this Society would undertake the work of translating 
the St. Petersburg papers and committee reports from French and 
German into English. After due consideration it was decided that 
this work might reasonably be expected to be handled under the direct 
auspices of the International Association, especially as the cost would 
thereby be considerably reduced. The Secretary was accordingly 
instructed to advise President Tetmajer that the Executive Committee 
deemed it inexpedient to undertake this work. 


REGULAR MEETING, April 2, 1904.—Engineers’ Club of Philadelphia, 
1x22 Girard Street, Philadelphia, Pa. Present: Messrs. Dudley, Lesley, 
Christie and Marburg. 

The Secretary reported the receipt of 36 applications for member- 
ship, duly approved, seven resignations and the loss of one member 
by death, Henry Frankel, who died on December 8, 1903, making the 
total membership 430: 

The Secretarywas instructed to make suitable acknowledgment 
on behalf of the Executive Committee to Contributing Members and 
Subscribers and also to send each Contributing Member a complimentary 
bound copy of Volume ITI. 

It was decided to hold the Seventh Annual Meeting at Atlantic 
City, N. J., on June 16-18, roo4. 

It was resolved to offer an amendment at the Annual Meeting to 
Article 4, Section 2, of the By-Laws, relative to dues, increasing the 
same from $3.00 to $5.00 per annum. 

It was decided to increase the price of Bulletins 4 to 28 inclusive, 
from ro cts. each to x5 cts. each, or $2.50 for a complete set of twenty- 
five numbers. The special price to members was fixed at ro cts, per 
copy, or $x.50 for the set. 

The enlarged membership of the various technical committees as 
printed in Volume III of the Proceedings, was formally approved. 

It was decided to appoint a committee on Standard Tests for Boilers. 
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It was agreed that members whose resignation was not received 
on or before February x, should be held responsible for the dues of the 
year, ; 
The Secretary reported that the project for the establishment of 
an International Sidero-Chemical Laboratory had been abandoned and 
that the subscriptions for that purpose were to be refunded to the con- 
tributors, The Secretary was instructed to invite the American contrib. 
utors to turn over these subscriptions to the treasury of the Society, 

Favorable action was taken on the suggestion of President Tetmajer — 
that letters of invitation be addressed to the leading American scientific 
and technical societies to appoint delegates to the St, Petersburg — 
Congress, 

The Secretary submitted a letter from Mr, FP. R. Hutton, Secretary — 
of the American Society of Mechanical Engineers, relative to the prob- 
ability of the Society acquiring space in the proposed ‘Union Engineer — 
ing Building." The Secretary was instructed to reply that it was not 
deemed expedient at present to make such application, but that if at 
some future time the conditions should be more favorable to such a 
step, the Executive Committee would be glad to avail itself of the 
invitation, 

The Secretary submitted a letter from Mr, Wm, R, Webster recom- 
mending that the Standard Specifications for Iron and Steel be printed 
in pamphlet form, Action on this recommendation was deferred pending | 
further inquiry as to the likelihood of amendments to these specifications 
within the near future, a 
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Communications for the International Association should be directed 


to the President, Professor L, von Tetmajer, Imperial Technical High _ 


School, Karlsplatz, Vienna, IV, Austria. 


INTERNATIONAL ASSOCIATION FOR TESTING 
MATERIALS. 


BY-LAWS. 
Adopted at the Buda-Pesth Congress, roox. 


Section 1. The Association shall be called ‘Tere InteRNA- 
TIONAL ASSOCIATION FOR ‘TESTING MATERIALS.” 

Sec. 2. The objects of the Association are: the development 
and unification of standard methods of testing; the investigation 
of the technically important properties of the materials of con- 
struction and other materials of technical importance, and also 
the perfecting of apparatus used for this purpose. 

These objects will be furthered: 

1. By the Congresses and other meetings of the Association. 
2. By the publication of an official Journal. 
3. By any other means that may appear desirable. 

Sec. 3. The funds necessary for carrying out the purposes 

mentioned in Section 2 will be raised by 
1. The annual subscriptions of members. 
2. Profits from the official Journal. 
3. Other contributions. . 

Sec. 4. Any person may become a member upon being pro- 
posed by two members of the Association. 

Official bodies and technical societies can be elected directly 
on their sending in their application for membership. 

Applications for membership must be sent in writing to the 
President or to a member of the Council. 

Resignations of membership must be sent in the same way. 

Sec. 5. It is the duty of every member to further the interests 
of the Society to the best of his ability. 

Every member is required to pay an annual subscription of 
at least 6 Mks.= 6 shillings = $1.50.* 

The Council is authorized to increase the annual subscription 
in order to cover extraordinary expenses incurred in the interests 
of the Association. 

* Subscriptions are to be paid to the duly appointed collectors in each 
country, the card of membership serving as a receipt. Subscriptions not 
paid by the first of July are collected through the post-office. 
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Src. 6. Every member has the right to obtain the Journal of 
the Association, during the period for which his subscription has 
been paid, on paying the fixed reduced price.* 

Sec. 7. The Association will hold a Congress, as a rule, every 
second year. 

The arrangements for the Congresses will be discussed at 
general meetings and in meetings of the different sections. 

Sections will be formed for the different groups of materials 
as may be considered necessary. 

At present there are three sections: 


I. Metals. 
IJ. Natural and artificial building stones, cements and 
mortars. 


III. Other materials of technical value. 

Any special questions relating to the subjects of the different 
sections will be considered at sectional meetings. 

The members assisting at the sectional debates, under the 
presidency of a member of the Council, will appoint the governing 
bodies of the different sections. 

The results of the deliberations of the different sections must 
be communicated at a general meeting which will pass resolutions 
embodying the proposals of the sections. 

Reports of Commissions, proposals of the Council and other 
matters to be laid before the Congress, will be printed in German, 
French and English, and will be sent (in the language preferred) 
to all members who have announced their intention of taking part 
in the Congress, within fourteen days before the meeting of the 
Congress, if possible. 

The decisions of the Congress will be printed in all three 
languages and sent to all members of the Association. 

Sec. 8. The Council of the Association will transact all neces- 
sary business connected with the Association. 

The Council will consist of the President and the duly elected 
members. 

Every country represented in the Association by at least 
twenty members has the right to propose one member as member 
of the Council. 

The President will be elected by the Congress, the Council 
by the members belonging to the different countries. 


* The reduced price has been fixed at to Mks.= 10 shillings = $2.50, 
This sum may be sent in with the subscriptions. The yearly volumes 
begin on January r. 
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Till such election has taken place the former members of the 
Council remain in office. 

The names of proposed new members of the Council have 
to be communicated to the President before each Congress. 

The two Vice-Presidents will be elected by the Council from 
among its own members. 

The Council is entitled to transact business when it has been 
duly called together according to rule and when the: President or 
one of the Vice-Presidents is present. 

Members of the Council may.be re-elected. 

If a member of the Council resigns during his term of office, 
the President shall immediately direct the election of a substitute 
by the members belonging to the country in question. 

In the event of the death or resignation of the President, the 
Council will appoint one of its members to carry on the presidential 
duties till the next Congress. 

The term of office of the Council lasts from one Congress till 
the next. 

Sec. 9. The business of the Association will be attended to 
by the President, assisted by a paid Secretary. 

The members of the Council will attend to the business of 
the Association in the country which they represent. 

SEc. 10. The resolutions of the Congresses on technical ques- 
tions merely serve to express the opinion of the majority. They are 
therefore in the form of recommendations andare in no way binding. 

Sec. 11. The resolutions of the Congresses can only be carried 
if at least three-fourths of the recorded votes are in favor of them. 
Every member of the Association present, as well as every repre- 
sentative of official bodies and technical societies, has one vote. 

The rights and duties of a member of the Association are not 
altered by the fact of his belonging at the same time to a national 
or other Association which Association is itself a member of the 
International Association. 

Sec. 12. The technical problems to be considered by the Asso- 
ciation will be decided upon by the Congresses and by the Council 
and will be duly referred to commissions or reporters appointed 
by the Council. 

Sec. 13. The Council draws up its own regulations according 
to the By-Laws of the Association and to the needs which may 
from time to time present themselves. 

Sec. 14. In the event of the Association being dissolved, any 
funds belonging to it will be handed over to the “ International 
Red Cross Association.” 


THE INTERNATIONAL ASSOCIATION FOR 
TESTING MATERIALS. 


TECHNICAL PROBLEMS, COMMITTEES* AND REFEREES. 


As constituted in August, 1993. 


SECTION A. 


METALS. 


Problem 1.—On the basis of existing specifications, to seek 
methods and means for the introduction of international speci- 
fications for testing and inspecting iron and steel of all kinds.. 
(Proposed at the Zurich Congress, 1895.) 


Committee: 


Chairman, A. Rieppel, Aeussere Cramer-Klettstrasse 12, Nurem- 
burg, Germany. 

Vice-Chairman, G. Alpherts, Koninginnegracht 66, Hague, Hol- 
land. 

American Members, H. H. Campbell, James Christie, Carnegie 
Steel Company, represented by John McLeod; Franklin 
Institute, represented by Wm. H. Wahl, Paul Kreuz- 
pointner, R. Moldenke, W. R. Webster, Walter Wood. 


Problem 2.—To establish methods of inspection and testing’ 
for determining the uniformity of individual shipments of iron, 
and steel. (Proposed at the Stockholm Congress, 1897.) 


Committee: 


Chairman, W. Ast, Nordbahnhof, Vienna, Austria. 
Vice-Chairman (office vacant). 


*The names of only the Chairmen, the Vice-Chairmen, and Ameti- 
can Members of International Committees are here given. 
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American Members, Booth, Garrett and Blair, Thos. Gray, Gus. 

Ky C. Henning, Paul Kreuzpointner, A. A. Stevenson, W. R. 
Webster, Albert Sauveur. 

' Problem 4.—Methods for testing welds and weldability. 

(Proposed at the Zurich Congress, 1895.) 

Rejeree, R. Krohn, Gutehoffnungshuette, Sterkrade, Germany. 


Problem 5.—Collection of data for establishing standard 
rules for piece tests, with special reference to axles, tires, springs, 
pipes, etc. (Proposed at the Zurich Congress, 1895.) 


Committee: 


Chairman, W. Rayl, Nordbahnstrasse 50, Vienna, IT, Austria. 

Vice-Chairman, A. Sailler, Favoritenstrasse 20, Vienna, IV, Aus- 
tria. 

American Members, M. H. Wickhorst, H. V. Wille. 


Problem 6.—On the most practical methods of polishing and 
etching for the macroscopic study of iron and steel. (Proposed at 
the Zurich Congress, 1895.) 

Referee, BE, Heyn, Carmerstrasse 15, Charlottenburg, Germany. 


Problem 25.—To establish uniform methods of testing cast 
iron and finished castings. (Proposed at the Buda-Pesth Con- 
gress, 1901.) 


Commitee: 


Chairman, R. Moldenke, P. O, Box 432, New York, N. Y. 
American Members, Alex. E, Outerbridge, Jr., Albert Sauveur, 
Thos. D. West. 


Problem 26,—Tests with notched bars for ascertaining the 
relations between the different methods of testing and for fixing 
the numerical values representing the different properties of 
metals. (Proposed at the Buda-Pesth Congress, rgor.) 

Referee, Ed. Sauvage, Rue Eugtne Flachat 14, Paris, France. 
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Problem 27.—Ball-pressure tests for ascertaining the rela- 
tions between the different methods of testing and for fixing the 
numerical values representing the different properties of metals. 
(Proposed at the Buda-Pesth Congress, rgor.) 

Rejerees, J. A. Brinell, Chief Engineer, Jernkontoret, Stockholm, 

Sweden; G. Dillner, Director Royal Laboratory for Testing 

Materials, Stockholm, Sweden. 


Problem 28.—The consideration of the magnetic and elec- 
tric properties of materials in connection with their mechanical 
testing. (Proposed at the Buda-Pesth Congress, rgor.) 

Referees, K. Hochenegg, Techn. Hochschule, Karisplatz, Vienna, 

IV, Austria; M. von Hoor Tempik, Kgl. techn. Hochschule, 

Buda-Pesth, Hungary. 


SECTION B. 
NATURAL AND ARTIFICIAL BUILDING STONES AND THEIR CEMENTS. 


Problem 7.—On the relation of chemical composition to the 
weathering qualities of building stones; the influence of smoke, 


especially sulphurous acid on building stones; the weathering — 


qualities of roofing slates. (Proposed at the Zurich Congress, 
1895.) 


Commiiiee: 


Chairman, A. Hanisch, Schellinggasse 13, Vienna, I, Austria. 
Vice-Chairman, P. Larivitre, Quai Jemmapes 170, Paris, France. 
American Members, J. F. Kemp, Mansfield Merriman. 


Problem 9.—On rapid methods for determining the strength j 


of hydraulic cements. (Proposed at the Zurich Congress, 1895.) 


Commitiiee: 
Chairman, F. Berger, Rathhaus, Vienna, I, Austria. 
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Vice-Chairman, L. von Tetmajer, Techn. Hochschule, Karls- 
platz, Vienna, IV, Austria. 
American Members, W. W. Maclay, Chas. McKenna. 


Problem r10.—To digest and evaluate the resolutions of 
the conferences of 1884~1893 concerning the adhesive qualities. 
of hydraulic cements. : 

Referee, R. Féret, Boulogne-sur-Mer, France. 


Problem 11.—To establish methods for testing puzzolanas. 
with the object of determining their value for mortars. (Pro- 
posed at the Zurich Congress, 1895.) 


Committee: 


Chairman, G. Herfeldt, Andernach, Germany. 
Vice-Chairman, C. Segré, Ancona, Italy. 
American Member, A. Lundteigen. 


Problem 12.—Investigation on the behavior of cements as. 
to time of setting and on the best method for determining the 
beginning and the duration of the process of setting. (Proposed 
at the Zurich Congress, 1895; enlarged in conformity with the 
resolution of the Buda-Pesth Congress, 1901.) 


Committee: 


Chairman, E. Candlot, rue d’Edimbourg 18, Paris, France. 
Vice-Chairman, N. Lamine, Zabalkansky 9, St. Petersburg, Russia. 
American Members, Spencer B. Newberry, Clifford Richardson. 

* Problem 13.—On the normal consistency of cement mortars 
for test specimens. (Proposed at the Zurich Congress, 1895.) 


Committee: 


_ Chairman, A. Greil, Rathhaus, Vienna, I, Austria. 

| Vice-Chairman, L. von Tetmajer, Techn. Hochschule, Karlsplatz, 
Vienna, IV, Austria. 

American Member, R. L. Humphrey. 
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Problem 29.—Determination of the liter weight of cement. 
The strength of neat hydraulic cements. Determination of a 
standard sand. (Proposed at the Buda-Pesth Congress, 1901.) 
Rejerees, N. Belelubski, Rue Serpuchowskaja 4, St. Petersburg, 

Russia; F. Schuele, Eidg. Polytechnikum, Zurich, Switzer- 

land. 


Problem 30.—Determination of the simplest method for the 
separation of the finest particles in Portland cement by liquid and 
air processes. (Proposed at the Buda-Pesth Congress, rgor.) 
Rejeree, M. Gary, Kgl. mech.-techn. Versuchsanstalt, Charlotten- 

burg, Germany. 


Problem 31.—On the behavior of cements in sea water. 
(Proposed at the Buda-Pesth Congress, rgor.) 
Rejeree, H. Le Chatelier, Place du College de France 9, Paris, 
France. 


Problem 32.—On accelerated tests of the constancy of volume 
of cements. (Proposed at the Zurich Congress, 1895.) 


Comittee: 


Chairman, Bertram Blount, Broadway, Westminster, London, 
S. W., England. 

Vice-Chairman (office vacant). 

American Members, R. W. Lesley, Spencer B. Newberry. 


Problem 33.—On the influence of the proportion of water 
and sand on the strength of Roman and other cements. (Pro- 
posed at the Buda-Pesth Congress, 1901.) 

Rejeree, The Hungarian Society for Testing Materials, Buda- 

Pesth, Hungary. 
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SECTION C. 
OTHER MATERIALS. 


Problem 17.—On methods of testing tile pipes. (Proposed 
at the Stockholm Congress, 1897.) 
Referee, M. Gary, Kgl. mech.-techn. Versuchsanstalt, Charlotten- 
burg, Germany. 


Problem 18.—On the methods of testing the protective power 
of paints used on metallic structures. (Proposed at the Zurich 
Congress, 1895.) 

Referees, Albert Grittner, Kobanyai ut 30, Buda-Pesth, Hungary; 

E. Ebert, Centralbahnhof, Munich, Germany. 


Problem 19.—On uniform methods for testing lubricants. 
(Proposed at the Zurich Congress, 1895.) 
Referee, N. Petroff, Zagorodny 70, St. Petersburg, Russia. 


Problem 23.—On uniform methods for compression tests of 
wood, 


Committee: 


Chairman, Prof. A. Schwappach, Eberswalde, Germany. 
Vice-Chairman, A. Wykander, Goeteborg, Sweden, 
American Member, Filibert Roth. 


Problem 35.—Study of the methods of testing caoutchouc. 
(Proposed at the Buda-Pesth Congress, r9or.) 


Committee: 


Chairman, E. Camerman, Rue Philippe Le Bon 73, Brussels, 
Belgium. 
Vice-Chairman (office vacant). 
American Member, R. G. Pearson. 
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SECTION D. 
MISCELLANEOUS SUBJECTS. 


Problem 22.—Considering that the resolutions formed{by 
the International Conferences of Munich, Dresden, Berlin, 
Vienna and Zurich, for the purpose of attaining unity in the 
methods of testing materials, and the report of the Committee 
of the American Society of Mechanical Engineers do not agree 
in many points with the decisions arrived at by the French com- 
mission, it is proposed that the Council appoint a commission 
which shall prepare a report upon these differences, and proposals 
for ways and means of abolishing them. 


Committee: 


Chairman, N. Belelubski, Rue Serpouchowskaya 4, St. Peters- 
burg, Russia. 

Vice-Chairmen, A. Martens, Kgl. mech.-techn. Versuchsanstalt, 
Charlottenburg, Germany; E. Sauvage, l’Ecole des Mines, 
Paris, France. 

American Members, Albert Ladd Colby, Gus. C. Henning, R. 
Moldenke, George F. Swain, George S. Webster, W. R. 
Webster, Walter Wood. 


Problem 24.—On uniform nomenclature of iron and steel. 
(Resolution of Council, February 3, 1901.) 


Committee: 


Chairman, H. M. Howe, 27 West Seventy-third street, New York, 
Ney 

Vice-Chairmen, L. Lévy, Rue de La Rochefoucauld 19, Paris, 
France; D. Tschernoff, Rue Pessatschenaia 25, St. Peters- 
burg, Russia. 

Secretary, Albert Sauveur, 446 Tremont street, Boston, Mass. 

American Member, H. H. Campbell. 
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Problem 34.—Fixing a uniform definition and nomenclature 
of the bitumens. (Proposed at the Buda-Pesth Congress, 1901.) 


Committee: 


Chairman, G. Lunge, Eidg. Polytechnikum, Zurich, Switzerland. 

Vice-Chairman, Jenoe Kovacs, Tataros (Post Mezoe Telegd), 
Hungary. 

American Members, A. W. Dow, Clifford Richardson. 
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